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AND 

cTu.TvUtau of istjfcrimental ;rctciic€. 

J ANIA RY, XMO. 

• *\\\IIT. On tltr cony/pj'ioji heftrvRn Elect riritif and 
I'e^etal i()7f, /i// 'riio.'iAs Pink, Ksq., Maidstuite.*^ 

• 

• on the known properlio#; of tlio ek^clric fluid, 
and tho suilahilit y of [)lants in their relation to the siirround- 
inif (elements to reeeivt* its inlhieiK^e, 1 was led to roi^ard it as 
hii^h.ly prohahle tliat vegetation depcnids iniieh on this prin- 
ph*. From the experiuumts of Mr. Favallo, as recently 
eonliniH'd hy those of .Mr. Sturgeon, f I had learnt that the 
air is in a eoustant state of positive electricity; henc*e it 
scvuikhI reasonahlo to conclude that the acute extremities of 
jr)lanls in a living growing state, must he constantly imhihing 
som#* portions of the iluid, and intrtHliicing it inV) their sub- 
stance. 1 expected that their allrai’tive energy mujt he con- 
sulerahle, as tlie mutual arrangement lias minh the appearance 
c)f an immei^e* ap[)aratus in coust?\nt (iperation ; and was 
strongly eoillirnu'd in my conclusion hy observing that a 
connnon l)lade of grass, when pn’sented to the prime 
con(Tuct<a* of an electrical m«. .\hine, gave evident priu>fs of a 
mor<^ potent atlrariive ami cond ucting power than appeared 
in a corrcspomling nu'taliii* })oint ; the lluiil appearing to flow 
toward it with less ohst ruc’tion. with a more uniform current, 
exhihitinga much brighter light, and 1 > considerably gr«‘ater 
(iislances. In some experiments inadi' in 4ln**mo*ilh of .June, 
a metallic point and a vegiuablc point being held equidistant 
from tiu' pi^^tn^ conductor, the vegetabh' point conlinucil to 

* Fommmilciited l»y 4he Autlun*. 

+ Mr. Sturgeon favoured iii«^ with a most ohllging letten’ eont.nn- 
ing anij)le (*videnc(‘ frt>in his niinu'roiis ('Xj)eri meats hoth »)f tiu' 
genend.fact aiaT of inaiuv interesting particulars r(‘lating to the 
suhjeet, the eonti^fits of \\ hic-h, I trust, will a|>|>ear in conlinnatioH 
ot'tlie above Rtatenu'ut. 

VoL. ly. — No. 2‘J, ISlO. S 


2 \2 Mr. Pino, o/i f/tr ccwj/crio?? hcftrr(‘fi 

be illuminated till itflnul roaohod at loasl four times the dis- 
tance at which tluvnotallic point coasc'd to oxliihit any li.t^lit, 
that is at the distifnce ofilbout fourloen foc't. A corrospnnd- 
ini*' etrect attends the paslin^ ol thi^ contents ol a eliar;;ed jar 
throui^h a ve.u^etablo poifu ; as in this t*a.se, the hnniait 1)ody 
boiiiff a part of the circuit, the jar will be (ji- ^ 
almost no perci ptible cHoct on (ho aninial fraiuc, yet l(‘avin.iif 
liarilly any rosiduuiu; whereas if a metallic j^oint he empIoy(‘d, 
the shock will be inorc seii.sibly*felt, aiul tlu! residiUiin more 
considerable. 

H< mce it follo\v^s that vegetable poinls must be a( ting with 
a great and continued emengy upon tlu^ eh'ctrii ity ol tin' 
atiru)sj)here, either in imparting to it tlm (‘ieetrict matit'r which 
it uniformly contains, or in imbibing tin* lliud Ironi tin* al- 
inospheng which must be as conslanll) aifonbul to it trbm 
some other source. I’In laittn* conclusion appears by lar the 
more probable ; since it is impossible lo account fur continual 
supplies of (dectrie Iluid from an <*av!h in a (H)nslanl state of 
negation with re'spect to its atinosjdicre. ; whereas the at- 
mosphere is constantly receiving solar rajs wliicli posse s 
some if not (dl tin? prop«'rties of <*leclri(* matter. Then* are 
so many points of rosemblanci*, it not identity, between the 
phenomena respociiv(?ly as< rib(*d l<Tight, caloru*. and electri- 
city, that much i’ew<*r diflicultit*s will inobably la* Idnud ♦(> 
attend the hypotheses that they at(* but dillejcnt etl’ecls 
arising from one commoti cause or source, than irom tlie con- 
clusion that they are produciMl by so liiany <listinct. jeJ all- 
pervatling, flwidls. if the l)all of a lliermoineb r l>t* eleclrifi(‘d, 
by first moistening it for an e\lerit)r coating, while tly? in- 
tt'vior coaling is formed l;y fin* niercurv, a si reanrol’ light w ill 
shoot tlirough the vacuum to tin? syinmit id llie I ubc*, sIioYing 
that ihejhiiil is essenti dly lunjirious. Is it not theji essentially 
the same with light, an^J does not tin* latti*r possess el(M*lVical 
jjroperties in common with the former If this In? admitted, 
it app(iars to me that vegc‘tation, through every stage of its 
progress, from tlic fj^nnunating se(*d to tin* full grown and 
perlected plant,* wdil l )0 found admirably to accord with sindi 
influences from the sun, whether by his direct rays, or through 
the instrumentality of the air and vapours. •* 

'J'he several varieties of f^nn and ^properties to wddeh 
plants arc subjected in their profyess, seem adapted to cor- 
responding electric inftuciic(!s from the respective elements.* 

• 

♦ T venture to use the old terili, not Iiuvinga lK*tter, to designate 
tin? principal divisions of our atmosphere, though two of them are 
now well known to be compound bodies. 
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3'iiiif. lh<? .S('o3 in tin* Inosnncd .mjII, thft |ftjinlo(l f^crm issuing 
iVoni ils* surliKM', t'nid tlio hud on tin? hraiurliing tnM3, appear 
liarly h) their acute rigicn extreinities to re(?eive the 

t'xciting inlUn nccs of an elfcliitied ^lir, whirh, hy its gradual 
swell fln l aidtaled nioveinents, in ^fn? early spring season, 
pi-<‘.-sses ciLiitih.sl jlieni eonlinually it] .-nccessi v e. t*ddies, eon- 
ve s ii-g lo i'Ai •If of ll KMii SDiiie ot ilseleclric matter. It appears 
lo me tijat I hi -; siyjpie principle, in conjunction with an 
o^ < a.si.)n*d iippiy oi' tlie saific' lliiid from vapours, together 
Vviili tlieir m(h.n..re. will in a ('onsiderial>le degree account for 
the first excitennmt ami g<'nninali(>n of t^Jiants ; esptM’ially 
when it is consid('red that every pia paration st.-mns made for 
adaj)tin.g th** afniospher<‘ thus to a(‘l on The emhryo ]>lant.s at 
I his season, hix ed iVoin vapours hy the eondensing effects of 
r-oTd in tin »i(‘e('din winter, it is now in a pecidiai* slate of 
drMU's.s ; j d now t glaneing rays ^f the sun aeeuinulate in 
il*an([ remh'T it strongly eh'etrieal. 't his accinnulation must 
h<* nni<‘]i iavoured hy the ab>enee of foliage in the larger and 
moie vig<»rous ])aits ot’ the veg(*tahle kingdom at this crisis ; 
lor the transj)iral ion of moisture from the expanded leaf neii- 
Irali'/.es myriads of solar ra^s, and (charges t lie atmosphere 
with vapours; hut, in eonse<|uenee of the whole class of 
indigenous ])lants ])r('senting ni>thing hut minute buds from 
their ranut\ing hranehes, no rays are nt'Utrali’/eil, and no 
•vapours are tbrined, from them. ( 'onsequeiitly tjl those rays, 
whirh would ol herwise have heen thus neutralized, are left 
floating ('h'ct rii’aJly in tin* pure air, or entering it?? pores in 
small j)ortioFis, serye a little to r<ys(» its temperature and 
sw(‘ll Jts volufne, ami >o to aid the g(*n(*ral elfoct. 

Vi'hat the rays of tlie sun entering the atmosphere at this 
sea!^)n, at aeuU^ angh's with the earth, must tend eoiisidera])ly 
to cause them to lodgf* and aeeumulale in tlie strata above 
in the form of «vectrieity seems e^ndent in itself, and to 
ree<*ive eonlinnation from the very large aecumulations of it 
in the ])olar regions at the perio Ls when the sun is at his 
greatest dislanees from tlie zenith of the respective poles ; 
for to wlial more probable eaiise enn lliese’ agfeeahle and 
weleome lights he ascribed, hut to a v«'ry I^irge portion 
of the almost paralh*! ra\s resting in (In* higln*r and more 
att<Miu:ite<l ri'gions qf the afmosphen* in those quarters; 
and thus in somi* degree ail^iiiiistering the several heiit'lUs of 
light, warmth, and t*leetrieity, to those otherwise deserletl 
]iarts of t he ghHie Ihil we are t¥)t h’ft lo eonjeetiin* as to 
the fact, J\fr. Stairgeoii Jiaving generously inibrined img as 
tile result ol' his numerous atmospherical expi'rimeiit s, tliat 
t4ie strongest tilectriiuty ‘exists in the air at tliis season, and 
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Afr. I'iue, on fhv cnnnvrion hcnrvrn 


‘Jll 

iiiulor (l\t' iiifliuMico oftlioso coll dryiii!^^ winds l»y whifh^t is 
(list iiiL^uislK'd : aiiK^ tliis is in cntirt' conldiinity wdli the 
olscrvtdions I occa donnllv made, d’lu? iollowin,!^ t'X.- 

}u'riinont will tend to slioi' its intUw'nct* on \<'t;(*tatiou. 

On tlic '^X{\\ of April i |^owod nuislard si‘cd in simihi. soils, 
contained in two jars, one electrilicd posit^velj , tlu‘ otln'i* 
negatively, 'riie covers being rt'inoved tlfey we;-e ]>()tli left 
open to the action of the atniospliere. In Jour days tin* plants 
appeared in both jars, but thoSe in the lu'gative far wme 
the most advanced : while no i)lanl.s appeared till about two 
dav.s biter from a®similar sowing at tin* same tinn*, imelect ri- 
fled. On the 12th of May the plants in the m\gative jar had 
grown to 2 / inches, flio.se in the positive jar to 2.; inches, in 
height; those unelectrilied rather reniainiiig in tin* onlinary 
state to 1; inch, 'flit* electritiod plants were vigorous and 
flourishing in [iroportioa to their lu'ight. 'This la'snlt in 
favour of the ])lant.s iiegativt'ly rlectriti(‘d uinsl hav(* arisiM 
chiefly from tin* rrlnfirr siipc'riority of eh*clric matter in tin* 
atmosphere; in the case of those posiiively i'h*elriln‘d the 
ahstihih^ (juantity was increast‘d, hut the relative ditlerenet* 
between thoM*and tin* atmospin*!’** somewhat r('V('rsed. Ili'nee 
it appears tluit, w'hile miieh d»‘pends tm t'h'ctric inlhnmct'. its 
/gMvV/Vc slate in tin* atmosphere as contrasled with the soil 
operates most etiectually on veg(*{ation. The dill’en'nre af 
more than half in he.ighl in favour of tin* former, alovt* those 
in the natural stale, stronglN eneourages the eonelusion diat 
the constant acce.ssions of electri(‘ iiuid in tin* atmos[)hrre 
at the spring of vegetation const it iitf's its^ inlluem'e. and that 
on the degree's of that iiillu(*nee de|)ends in a gceat measun* 
the rapidity and vigour of its rise and progress, ' A m(*di.*al 
electrician, residing in thi.s town, necjuainled me with tin* 
follow ing particulars : —A narcissus plant wln'ii in a V(‘rvweak 
and languishing stale hying placed in tlu^ room in whi<‘h his 
powo^rful machine was kept in fn'ijuent act ion, soon began to 
show' signs of extraordinary vigfuir; it grew to tin* height of 
inches, and w*as stout and luxuriant in proportion. Some 
branches of th^? nioss rose, and various otln*! flowers in the 
room, relaini'd their colours while tin? .se<*ds were forming, 
during aliout tive weeks, and at length dr(j|)ped oil' without 
losing their freshness, riiesf* ami styne <>lher particulars 
which he related tome, on the correctness of which I have 
reason to rely, show the vast advantages that might he 
expected to result from a continued powerful < b*clricil\ in the 
atmosphere. acco?iipani<'d with a suitable *,(nnp<*rature and 
dryness, ff a plant can ht; made* to I'xpand to thrice its 
ordinary dimensions, l)y an artificial iiicnjase of positive elcv.- 



rlrch'icif t/ ntttl 24;) 

trii'ily, and lhal in a (^onlimMl .situation, y hcro tin* dirnct rays 
of tin* suii could li;u<lly c\cri I heir oniinary inilucnci', how 
inijiortanl niu>t In* (In* oji; ration (j 1 this piinciph*. in pvoj;or- 
livin as it sln^uld sccni, lo the di J*ct‘.s m wliicli it ootains! 
lull il^inusl la* hy tin* prtjper uiiion««jJ’ il.s .scvcnd piMjpc'rtic.s ot‘ 
li!.,dit . h. at , ,and clcctricit\ coiiil)inf*cl, iliat ils ^rcatc>t and 
ino:4 salniar}^ s on plants arc prc;duc( (l ; am I aci oidin^ly 

h\ lar tin* fichc.st and nio>t <-opious productions of the vcoc- 
t.ihlc ki^fLnloni an* found in, those climes in w iiich the solar 
hcaiii.s aie nio>t ahuiii.la in 1\ disl rihult'd. A \a r\ s.ilistactory 
prool ot tin* e.eciiic ojieiaiioii oj ilioso Ix'ams appears ill the 
loilowlnv* <*\tracl Iniin the Atlas, to which*! wasrcieried hy 
my valued friend and coadjuloi*. Mr. \\ ewkes. l*or thedouhle 
purposi' ot aseeriaininu;- (he power of spiiit‘.s in niodil\ine 
tlw' eh '(■trie la'lation of tin* atniospliere and tin? earth, and in 
(‘Hl'cliiiu (he proere.*‘.s of V(\e(>ialion lj\ tlnhr eh'ctric iiillueiice, 
\i. .\stier insulati'd a .s<*\(uiih‘ >\)\\\<'; {\\vt it zia f r Incan- 

at tin* top of his house, aiul hrounht a wiia* to it from an 
insulated pot, in w lileh were plantt*d live <^raius of mai/e* : a 
similar s(jw ine- was made in an uninsulated pot. lor the purpose 
(»f eompari^oii. 'Du* ('\p(‘riim*nt continued from tin* (3th to 
tin* 201 h of .)nm\ including; two stormy days, din* t'lectro- 
ineli'r ^ave con.si(h'iMhh' si^iis of (*lectricity in the flower pot, 
and, l)y usiiii»' tin* coiuh'nsor, sj)arks were produced. The 
(**lccl riih'd grains w<*r(' tound to pass more rapidly ihrouLih the, 
* iir.'-j stages of vcg(^latioii, M hen Ihnigahvost' tTees w ere suh- 
mitli'd t(T the saim* «’\perimt*nt. the flow(*rs of the^eh-ctrifn d 
plant appt.Mrtal mon* rapidl) and more aluindaiitl) than in the 
utln'i* ca^e.'’^ • • 

I ft*usi iu will luiv«^ .sullleit'iitly appeared iVom tin* above 
statmm'n s that tlu^ commencing stages of vem'tation are in 
a gti'at degia't* caiisi'd or jiromoted hy the iiiiUience of the 
eh‘(Uri(' lliiid wliich is lodged in tin* dry air of oiiv at mosphen* 
at tln^ season of g(*riniiial ion. AcRlilional evidence is, no 
ilonht, highly (h'sirahle, and experiments of amove deei.si\e 
and iiilei i'st ing cliaracler could easily hedevist'd w ere the atten- 
tion of ihosi* who havi* good opportuniti.vs of ccyun'cting (In* 
cu.livation of plants with (’h'ctrical iinjuiries inon* jrarticularly 
diiected («» the subject . M ith ri'speel. to my le.'^ding position 
of tin* supc’vior coiiducttng eilicacy of vegetable points, and 
tln'ir extensive intliuniee on atmospheric electricity, the most 
accural c scientific ])ro()f \fill he seen in (he annexi'd very 
obliging and admirahle h'tlor of Mr. Weekes. And 1 have 
only tw add, on (his lu'ad, that ofir eorrespondenct* took its 
rise* trom somf*1iints In* liad receiveil c(»ncerning my Immhie. 
])ut 1 trust not unimportant, discovery, and the inferences 1 
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was bo^inninfc to deduce from il. 'Hie ardour with which he 
engaged in the in(|uiry will hesl apjjear from his oaii siale- 
meiits, from whic^lji I shall no longer suspend the uKenlion of 
your readers; only eongrafiilating tlumi on his recent discoviuy 
of thedecomjmsilion of \v^ter hy vegetation, as related hy liim 
in the last Number bid one of these valuahle Annals (>f 
Electricity; a discovery which must form a Amst interesting 
addition to general .science, as well as nmcb as^i^t our 
researehes into the prim ij)h s of^vegiUatiftii. 

(' To he roNtinnefl/j 


Sandwich, May •^>! • I • 

Dear Sir, 

Various circum.stanees have unitisl to orcasion a Udioii' 
delay in our correspon(lem*e sinei^ I last addre>s. d ym, aiui 
promised an investigation of your ingenious llusay 
city. However, i find I have hy no means had too mm h 
time for a fair and impartial examination of tin* suhjeet, the 
interest of which, to me, has heiai siu'h as to i'xeili' exp.cri - 
niont far beyond my inlenlmns at the oulsc!. Tiie llnal 
result in my mind is an entire con\iclioii that your opinions 
are well founded and liave .stood tluj t' ^l of ihcM'veiast ir a.l' 
to which they C(/uld lx* sul)j(‘cted. The \a.^t superioiiiy of 
veg(*tal'-l(; ovi r jnetallie points in tlie di awing oil' ;:nd acemnu- 
lutiiig electric matter, is, i conc(‘ive, a '.uhjrcl of grcal iiilt‘re,si 
and importance. A coated jar having I'i inclu's of m»‘ialiic 
surface was repeatedly-i discharged l)\o the activity of a 
vegetable p(»int in I min. (5se<’. ; whih' tin* siime jar cli ;rg('«l 
to the .same degree, recpiired 1 1 min. Is see. lo free il from 
its electric contents by means of a im*la!lic point: llu* points 
in both eases being c.<[uidistant. 1 (ind also that Hmetrs 
gold leaf electroscope (fldelicat(^ instrument) is |)owerlnlly 
affected l>y a charged jar, at the distanee of nearly 7 fe(*l, 
when the hra.ss cap of the instrument is furnished wdli a 
branch of tl^e .slpaib called hntrher's hroom, and vv hich I have 
found of great ii.se in my experinierits. 'i’lu* .same (hdcate 
instrument wdien mounted yvilli pointed metallic viires is not 
perceptibly affected until the clyirgeif jar approaches lo witliiii 
2 feet of the cap. 1 iiui.st not think of troubling you with tlie 
details of all that I have been ahoftt as regards (his investiga- 
tion; l)Ut one circumstance ha.s proved ((x) j)leasing to be 
wholly omitted. • • , 

Let fig. 1, Plate VI, represent a lafge .s7/vW 
i-n an inverted po.sition, mounted yvilh a bra.s.s cap d, through 
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wliich [)uss<»s n sloiit wiiM^ /^ /\ hji\ iii^^ i\ brass kno'b at /’, and a 
pairVif sniall pith balls attached to the wire just above the 
kiiol). is a portable stand witli two inetfdlic discs, one on 
each side* of the \Nire and risiu;^ to a level with the ]jith balls. 
A is a small brancli of the*butclier’§ j)rooni ri>;ed by a twine 
to lln'*npper extremity of the wirft c /'. 4 his ap];aratus I 

have lor niaiiy w^i'eks past had in almost daily usti, nor can I 
exjiic. s tlie -j/i' iMire it has allbnb'd to nissidl and fritmds by 
j!s indicati(«is oi at mosphenc electricity ; for, armed 

with your rcgrfn/j/r it lias shown syinj)luins of 

cleciricilv by the passin » of clouds at a ereal allitude, and 
under \(:rious (dher cirv'umsUim es in wliirli clcclruinoicrs 
w it ii metalhc point s plac<‘(l b*, its sidi- j^ave no indications 
^wliateviT. ''I'liis aj)j)(*ars (o me de< idtnl a proof of the 
superiority of vi'^-i'lable comiuciors, that it admits of inj con- 
tradict ion. 

'i be correctness of}our opinions ^aisjiecting the influtmee 
or(‘l<>ctri('it} ujion (Ik' ‘ growth of plaiiTs, a])pears to mo to he 
sutHcienlly jirovcd h) t h(‘ followinn’ experiments. 'I'wo small 
dower pots tilled with rich mould wt.Te taken for thf^ purpose 
in <lo()r.>. A few i* rains of mustard seed \ver<‘ sowed in each ; 
both wt're kept .ip'^dly wattned, but one pot was l/ffn/latcd 
and frc(juently (‘le<.!triib‘d under ciiammstances which k»‘pt it, 
as it w< re, in an (dcctrical atmo'^phere. ".riie other pot had 
vJ) '-ucii attmilion shown to it. and the result proved wind you 
•ju-obably woidd anlic‘ipat<‘. J'lie veeetjition of the j'b'ctritied 
sei’ils appeanal several days before the others, and contiiunal 
a.fterwards to ^row with a much p'cater de^^r.-e of vh;our. As 
alovm* of sciiMK’c y^ni can easily iniii^ine tin* pb'usurt' these 
})ur.su*(s ha\,i*y ii 1 1 <hL and to this has snccta'dt d an anxious 
d(»Sir(» th. t you should s])eeilily asst'rl your claims, or I appre- 
hend yon will lose your just title to originality. 1 send jou an 
exlrpiet whieh lately fell in my way ; the perusal ol •which 1 
hope? will put you on the alert. The.«^xtract is iVom I'aylor's 
System of Pliilosophy in which the author has written a 
great deal of downright nonsense; hut still it appears he liad 
s(>imnvli(*re obtained a gfi/npsc c)f the same (H)iiuon by wliich 
you are animated on this subjeet. * 

le^ives of plants act as so many siiicula tjo attra<*t tlic 
eleedricity df llie air nmlffolar //x ; hence very high trees are 
so many natural coiaductors, atlraeting a vast (puintily of 
tdectric llui<l, and, conseijnently, put forth a luxurianct^ of 
foliage jjroportionato tln*reto." Jit^r/cir of (^iforfcrlii 

JotfDtoJ. of Sri7oiCi\ O^tohr}\ 

^ i>u see by tlrt'se a|)proaches tow ards your theory and taids, 
ynn ought to lose no time in securing tlu' jnsl praisi' ol origin- 
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ality, to wliich you are doubtless entitled. My health l)einiJ^ 
now perfectly restored I uni vt‘ry ai'tively (‘iii^af^ed, or 1 could 
willingly have wnttcn at greater length, hut must conclude 
with saying, 

* I am, dear sir, 

V ery faithrullv yours, 

\V..|1. WKKKKS. 


To I’honias IMne, Ks<|. 


# Woolwicli. Dec. ‘Jd, 

My dear Sir, 

ft is with a very great deal of [)lcasure that I have* read 
your letter stating your intention oi puhlisliing your views on 
some of the most interesting i^hcnomena of nature, and j.ermit 
me to acknowledge that I leid mindi honour hy y uv s{‘!e( ling 
my humhie authority in giving assistance to yonr elii^rls ; 
and 1 can assure you that nothing shall Im‘ wanting on my 
part, as far as experitmee has tmahliMl me to draw eoiielu>i()ns, 
to forward your very laudable object. 

In the first j)lace, then, I iierfectly agree with you, as to 
the solution of tlie results of Sir II. Davy’.s experiim nls on 
coni; for the positive p(»h' of a \()ltai(‘ battery would ‘'Upj ly 
the animating electric tlnid to tin* germinfiling seed in jm*- 
cise.ly the sanui manner that nature supplies ii IVoiii tin 
atmosphen. to the ground. A.s Sir llumplirey doe.'* not .stale 
from whul experiments made on tin; atmosplieri* ' lie draws 
his conclusions “that ehmd.s are usnajly negative,’' 1 am 
unabh; to form any opinion respecting them. Hut I mij^t I»cg 
permission to state, that such a conclu>i(»ii is cjuile at vario.K c 
with the results of my experiments. It is true I hav(‘ obtejned 
negative charge.s at the kite string, hut the inslaiiees are very 
ftnv indeed. Tlio.sc which did occur were only whil>l heavy 
clouds passed over the kite; the indications, both before and 
after the clouds’ transit, being invariably positive. And even 
in those temporary exhibitions of negative eh’ctricity, I am 
very far from conclu<ling that the clouds themselves wane 
negatively electric. I'he indications were those of the. kite, 
which was floating much lower than the clouds : and tin; air 
vicinal to the kite was cons'e(jU(;ntly,th(; onltj part of the 
atmo.sphere explored during each experiment, which air pro- 
bably became negative or deprived of most of its natural elee- 
tricity by the repulsive ^orce of fin; aeeuiiiulat«*(l eh'ctric 
matter in the positively charged clouds, 'hhis assertion can 
hardly be construed into “begging tin; rpiestion” or “strain* 
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point;"’ l)nfaiis(^ siK'h plioiionioiia aj*<^ I'asily j)rf>(lucofl by 
c:\ [XM-iiutMit and must mM-i'>.siirily IVcqiM'iit Ijy ocriir in naturo. 

d o ascortiiiii (liruclly, tho eloctric stalti of clouds, Uu? kite 
ought to 1)L‘ iifuHersc?d imni^‘(liatcly in iho.^c wc wish to explore. 
I\o s'U 4 ;h experiments have yet hc^cjji «mad(^ I am ol opitiioii 
that my kites liave been lu^arer to th'e clouds than any hitherto 
iMuployt'd lor.ex*})^a iments ol* tliis kind. Many experimenters 
liave contented themstdves with Itji) oj- .>0i) virds ol* string, 
and otlrVs liave dnfwn theiii conclusifins without employing 
an\ kite in 1 luMf exiM^*iments. Irtnn exp(M*iments made with 
an apparatus not mueli longtn* nor very uidike an Anghn’s 
l\t)d ! ! ! d h(‘ r< salts which 1 havi* olitaineri irom about ‘300 
evfieriment^M, at neat ly all seasriiis ol* lln^ year, and at all times 
ol* the day, and many at night, induce me* to believe that the 
g/*//c/v// cleel ri<' state ol* tin*, atmosphere, with its contaiiie'd 
clouds, vapours. iVc.. is, with re!er(‘H^‘e to the earth* 

L’or, not w ilh.standing those very aberrations I’rom the 

gen»*ral n*sul(s whieJi I have noticetl at tlie kite string during 
tlie transit of a lh;eting clond, they appear to me fin the way 
which I think tln*y otii'ratej U'iXn' Jnrou rnhle than otherwise 
to the <'oiu*lusions at whieh I have cirrived. Aloreover, I tiinl 
fnim (‘xp4*rieiice, that bodies gent'rally, when in, what is usually 
ealled, their natural electric slate*, have fiof an erpiable dis- 
tjalmtion of the t*leetric matter on every part of their surfaces ; 

^ 1ml, on the <*ontrary, that each individual body or sub.>tance, 
w luMl ill this, ils /tat t/rn/ stafe^ v\\\\\)\\ii dilVereiu «*lectri(* t<*n- 
sions on various parts of its surface. So it is in atinos- 

[)here, that at ditievent times, and al dilleronl altitudes at the 
.sann* time, (iil]*er«*n^ electric leiisioi/^ are exhibited. 

electrical phenomena are rcl(tf ’tri\ and i*onse«jueiitly all 
our lalei.lations respecting them, have no otln*r basis but the 
tjve*r varying d«'gn*t*s tif those relations. Hut. iu)t wit[istanding 
f he*\'ariati(ms in the cxltmt or degret's of tho>o rtdations, ilie 
rfinfio/ts fhcNist Irrs appear to l)e* constant and uniform. 
ddierc*rore I conclude gcm*rall\ (and my conclusicms are from 
tlireel experiments) that the atmospliere. taken as a whole, is 
constantly in an t*b*ctro-j)ositive .slate wUh reh'it'nce to tin* 
earth ; and that in the atmosphere itself, the upper regions 
an* constantly electro-jiosif ive with n'feri-net** io all thost* 
sitiiateil nearer to the surfaei'^of the earth, d’he strata of air 
near to tin- earth’s slirfai’e are tln'ri'fore in an intenm dintc 
state of eleelrieity with refin’t»ncc to the upi)er strata and tlio 
body of the (‘ly th, the earth itself being negative to the w hole. 

d’hese results, my dear sir, are, in my opinion, of a ver> 
decisive eharaeler ; and if you deem them of sutlicient im- 
^K)rtancc to be taken into consideration whilst framing your 
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theory of eleetro vegetiitioii (pardon me lor iiiverlin^ tlw^ term 
“ vei^^elable eleelrieily they are ([uite at your service ; aiid 
if you are desirous' orstalin^^ the authority, you are [jerlei tly 
at liberty to do so. 

Whilst writing this h;tier (l)et\\e('ii si\ and se\eu \u the 
evening) a tremendous tfiumh'rslorm pa.ssed over this j)laci‘. 
Half an hour before, the sky was (piito elgai*, the moon and 
stars shone with great lustre. 

I am, Deaj Sir, • 

Willi very, great respi'cl, 

Yours vers I nils. 

W. STl HtiMON. 

To Thomas I^ine, EHtj. 

XW 1 V . O// the (-o/ours of M l.m/ /V nfr.s\ Hij mi: David 
1>im:w'.stI‘:u, KMAI. K/fS/ 

deceived October — Head Deceinbtu’ I I, is;{7. 

'Hie colours of mix<‘d plates were dis(‘overe:l by Dr. 1 ho- 
mas Young, + andde-erilu'd in the IdiilosophicalTransaclioms 
lor I'SO’J. He piAKluced them by interposing small portions 
of water, or butter, or tallow between two philips of glass, or 
two object glasses jire^.^ed togi'ther so as togivt^ tin.' ordinary 
colours of thin plates. !n this way portien.v, or ('avilies ol a.r 
wi're surroun'levl with water, l>iitUi, or tallow; and on look- 
ing tliKuigh iliis eomhinatioii of imalia 1 h‘ saw fringi's or rings 
of eoleiir six times larger than those of thin plates that would 
have laMui produced had air alone been *interposeil between 
the giasse.s. These fringes or rings of colour wm'e .se;n b\ 
the (lirect light of a candle, and began from a white centn' 
like lho.se produced by transmission; but on tlu* dark >pae(; 
next the edge of the plate, Dr. Young observed anotbe’’ set 
of fringes or rings, complementary to the first, and beginning 
from a black centre like those pnuluced by relleetion. 'fliis 
la.st set of colours was always brighter than the first. 

The foll(\w’ing is Dr. Young’s explanation (‘f these two 
series of colour.s. 

In order to understand,’’ says lie, this circumstance, 
we must consider that whm'o a dark object is placed hehind 
the glasses, the whole of the light whiifli comes to the eye is 

* Prom the Transactions of the Hoyid S<)ciciy lor ISltS. 

+ Hiiicc this paper was written I limi that this class of colours 
W'as discovered hy M. Mazeas, and that his ^xpcrinu'iits were 
repeated and varied by M. Dutour. 
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either refViu*t(‘(l the edges of the drops^ or reflected 

rion* the internal surface ; while the light wdiicli ])asses through 
tho'C parts which are on the side opposite^o the dark ohjeci 
consists of rays ladiactc'd as hefore through the edges, or 
simply j>assing through th'^fluid. 'J^be respective coinhina- 
tions of these portions of light exhibit a series of colours of 
diirer('nt ordcTs,* ^ince the internal reflection modifies the 
ini «'rrerencen)f the rays on the dark side of the object, in the 
same imytner as in the comnipn colours of thin plates st^en by 
reflection. W hen nottlark objrct is near, both these senit s 
ol‘ colours art* [}rtnluct‘tl at onci* ; and since they are alwajs of 
an ojij.o.'.itt* nature at any givrii thi(‘kness*of a plate, they 
iH ulrali/*' c'iifh <ith»‘i* aiut <•<)n.^t it ul white light/* 

, In so Ibr ?is I know, tiu'se observations have not Ijeen re- 
pt'aletl by any other philosopher; and subscMjuent authors 
only co[)i(*d Dr. ^ ouug’s descrij»lion of the phem)nu’na 
and ac<jui{‘Sced in his explanation of them, (n taking up this 
subie<*t I ni ver doubted tlie accuracy or the generality of tin; 
reMilts obtained by so distinguished a philosopher. I was 
indu(‘ed to study tlie phenomena of mixed plates as auxiliary 
to a more gemual impnry ; ami having observed new pheno- 
mena of (‘(flour in mim'ral bodit's, which have the same origin 
as those of mixed plat(‘S, and which h*ad to coiuflusions dif- 
f(‘n*nt from ihox* (*f Dr. ^ oung, 1 am anxious that they 
should be described in the same work whicli contains his ori- 
*ginal observat ions. 

l1a\ ingexj)eri(*ncedcon>iderable diiliculty in obtaining satis- 
lin tory spe('imens of the cohiurs of mixed plates by using the 
subs! ances<'mj)lo\ i‘d»by Dr. ^ oung, 1 ;*ought for aunt bod of pro- 
ducing tlnuu wlii( li sluadd la* at once easy and infallible in its 
eflects. Vt ith this vi(*w I ti ied transparent soap, and whipped 
ciM'frtn, w hich gave toh'rably good r(*sults : but 1 obtained tin* 
best .ell’ect by using tht' white of an (’gg la'at up into fre^th. 
1\) obtain a proper film of this siihstance 1 place a small 
(|uantily ])elw(;(*n tin? two glassi*s, and liaving })icssi*d it out 
into a iilm I s(»parate the glasses, and l)y holding them lu'ar 
the tin*. I drive oil’ a little of the supmfluoys ipoisture. 'I'lie 
two glasses are again [>laeed in emit act, and wlien pressed 
togeth(*r sv as to jnoduce the colourt'd fringt's or rings, they 
are then k(*pt in their pbn’O e^her hy screws or by wax, and 
may be pn*s('rved for tiny length of time. 


* PhVlosophiciil 'rrausactions, 1 S 02 .' Br. \ Ouiig re|>nblii«lK'(! the 
same explanatioir of mix(*(l platt*s iu 1 S 07 in his KU'iiients of Na- 
tural Philosophy. See vol. i. p. 47 U, 7 S 7 ; vol ii. 6 S 0 . 
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If we now oxamiiK' wi(h a or Mnall pown- the 

tliin Him oi' Hll)uim?n. we .slinii fiml tliul it eomams ihou^mids 
of Oti\ ities 1‘xat'tly tin* stnitii of (Mviiirs wliicli I 

have (.U\soril)('(l as occurring in to)>a/. (jiiarl/. .siil|jliat(* ol’lime 
and other minerals ai'd if wo haik llir(ai.'h tin* lilm at the 
margin of tlie llame of a eandh*, we shall jierc. ive (he two 
sets of colours deserihi'cl hy l>r. \ oimg; tne one upon ilni 
luminous ed<;-e ol‘ the flame, and the ollu'r on (In' dailv spae*' 
contiguous to it. 'Flu* first we. shall cad tin; dirrrt and llu^ 
second, which tire always the hriglu<‘-t, lhi‘ vf^nijiloinvnlftnf 
fri Hires, 

It we apply a higher magnifsing power to the all)uminf)ns 
films, and bring iho t‘dge of one of lh(* eavilies to the mar- 
gin of th(' flame, w'e shall peveeive that both the dirert an I 
(he ('(jntfilcmentnrtf colours an‘ formed at tiie viuy edge, the 
com])lementary om‘s appearing just wlnm (he diia'cl oiu's hav<^ 
disappeared, hy the w’thdrawnlof (In* lalge Irom tin; flame. 

As the eolours therefore are produeed sol<‘ly hy the (\lges 
of the eavities. tlndr intensity must, verteris (h'|)ehd 

on the smallnes.s of the cavities, or the nmnlx'r of eil<^(‘s 
which occur ii5 a giv(Mi space. W hen we sueeeed in forming 
an unilorm film in which the eavilies an; like; a numhm- of 
minute points, the plnmoniena are peculiarly sphmdid and we 
are enahh'd to ‘‘tudy tlu*m wiih gr(‘an‘r fii(‘i!il \. W lien (lie 
edges of lh(‘S(‘ eavitit s an' seen hy an achromatic microM opi*, 
and in d rer-j light, neither the din-i t nor (he compioimuitary 
colours aye visible; hut if we graduslly witlidniw the lens 
from I he cavities a series of heautiful j)heiH)mena apjx ar. 
When i he vision first het'omes indistinct. IftHh tho din.'ci andllu' 
complementary colour.s appear al the same lime, sjjCeks of 
the vonqdfnmnflnrfj red alternating with brighter specks of 
the dirf'f't green light. Hy incn‘asing tin; distanci' of the 
lens from the cavities, the complementary s[)eeks hecom.) h‘ss 
and less visible, and we see only the (lin*ct gnaui light. 

In order to study these phenomena hy ohsi’iving the action 
of a single edge, upon light, and to a.sci'rtain the ellec't of an 
edge when.thm-e wa*re no prismatic edges to refnaet, and no 
internal surface to reflect light, I conceived the i(h a of im- 
mersing tlifn plates of a solid substance in a fluid of such a 
refractive power, that the thickness of tlie plates should he 
virtually reduced to the same degna; of thinness as the film of 
alhumen between the |)la(es of glass. 'Flu; m*w suhstanni 
described by Mr, Horner ,t ami which I shall call nacrilCy 


Hdiii. Trans, voi. x. Piirt I. 407 , 
t Pliilosopliical Transactions, 1830, p. 49, 
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nn: >\illi IIkj inraiisuf pfrilonnin;; thi« (:x|K'riin(:iit. 
r arc«>i’<lniL’'ly iii<‘l<>>iMl lli*‘ t liliii> it two 

j>lal<*s ol’ ^ins.s (orilai/ii/i/jr l>Ji!.Srtin of rapix i ; and \ lia<l ttjc 
salisfaclion of ol)s(a’vin.L^ IIimI houndin^^ (‘d^r,» tJi#. plate 
luul tlle«lluid produced the identical direct and ctaiif)Ienieiitary 
colours al)ove f le^^crihed. 

d h(* bounjifti*' edi^i* which I sidected for o!)S(*rval ion 
a fn'i^^ht ^reen for tli<* direct, and a hri^ht red lor the co?//- 
pleint^nttfrii tint. This ed^^ appcnin^d c.s a narrow <listiiict 
hla(‘k liiK', e\c(M*din:^l}^ well delhied. and of a uniform In eadl li 
like tln^ line.’r.l inicroineter wire. It conseqinintlv oh^tructed 
the incid(Mit lii^ht tind product'd the jjhenoniena of diifVacted 
frin;^«vs. Tlnfcse I'rini^es, howevt r, wt'r»‘ inodiin'd ]>y tlie pcaai- 
•Tliar circiiinstaiM'es uvaler whicli they were prtxluced. and e\- 
hilnled in llieir lints both tlie direct aiul coinpleiiicnitar}' 
colours under co!)si(hnation. • 

•\\ luMi t he diffracted IriiiLCc's are view*(*d in candle-liLrhl by 
a lens [)lactHl at a i^rea((*r distance from the ditfract iui^ edge 
than its principtd focus, tlui iniddU^ of the system of fringes 
corresponding to the diffi ai-ltal shadow of a iibni is otaaipii d 
with the direct titff , which we shall suppos** to l>e ^ree/i ; and 
on each side of this ^rc('7i shadow, as wt* may ctili it. we ob- 
serve very fiiintly the cofn /)tewc//far}/ red tinging what are 
cabled the two first t'xterior fringes, d his tinge of red is 
**trongest in tlu‘ first fringe within the solid rdiu^. or within 
t!i(' green shadow', while it is ipIlDirish in the fust fringt? 
w illmut tin* green sliadow. d'lu'se effects are inveiPted if we 
])lace the lens nearer to tlie edge tlian its principal focus. 

ddn^ pht»noPiicna now descriheil a[>{)ear more tli>tiiut it we 
fak«* an t'Ntninely narrow piece of nacritt*, having its two 
c‘<lge,s iu*ariy incoiitat l. and t ransmitt ing only a narrow line 
of light. In tliis ease the two n*<l fringes within tht* solid 
edge*nnitc tlndr tints, and hecorne a fright ri*d ; and in like 
manner if w <» place tin* l«'ns m*arer tlie solid cilg»\s than its 
principal focus, the two yellow fringes will unite tln*ir tints, 
aiull' .onn’a hrighti'r >ellow hand. In tliis last ca-^t*. when 
llu^ tw’o honmling edgc*s are still nearer each oilier! the unittnl 
fringes, iii ylace of being yellow’, w ill la* g/7( //, or^the same as 
the direct colour. , 

1 1 wc bring the edges pftw’o pieces of nacrile of equal thickness 
veiy near eacli otht'r, having^ as hrmeiK, g/’ce// for the direct , 
and red for the cotn plcnicfitarif colour, the space between the 
edfrt's, or between the green baiuls, w ill be faint red wln’ii the 
lens is ‘nearer the edge**; than its priniijial focus, and jfctlotr 
when it is further from them; hut if the edges aia* hnniglit 
srtll nearer, the faint red wdll become brighter, and (he uniteil 
green IauhIs will take the place of the yellow’ one. 
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Let us now return to our plate of nacrite witli a single 
edge, Iiaving gm.// and m/ for the two tints; and let us 
always suppose that the lens is adjusted t(/ ol>servc the 
ditlhicted fringes, that is, that tin h*ns is placed ;»t a greater 
distance from the ditfracting ed ’O than its j)rmci[)ai focus. 
We shall also suppose that I lie light of t lie sur passing through 
a narrow aperture paralh‘l to tin' dillracting «Mlgt' is siihsti- 
tutedfor the light ofa (‘amlle. I inh'r thpse circumstances the 
central part ol' the system of If nges s*'rn hy light incident 
perpendicularly, consists of g•/•cc/^ and ipdiofr light, 

<'onslituting, asdt weie, the shadow of the edg(', the blue 
light being on the same side as the plate of nacrite, and the 
yellow rays encroaching tipon the (‘Xterior faint red hand 
already described, the otlu'r red liand next the blue In'iiig 
more distinctly seen. If w'e now incline tin' ineiileiit ray to 
the plate of naerile ihore than DO , the faint red lurnd 
next the yollow gradutlily hecomes hriglucr, while iIk' (»lln*r 
bands heconn' fainter: amlat the honndary of light and dark- 
ness all the other l)ands disappi'ar except this red om*, which 
is the vomplemenfarn (:<dour to the oreen. (produei'd hy the 
union t»f the hlae, e*mv/, and ijellotr hands), and the colour 
which is sei'U upon the dark space next tlie tulgi' of the llame, 
as described hy Dr. ^ oung. if wf‘. on the other hand, in- 
cline the incident ray in an opposite direction, so that it. 
forms with ‘he plane of the plate, a less angle than , tin* 
red hand next (he 1/Iue will now become brighter ; and ai tiui 
houndaryof liglit and darkness, when all the other hands have 
disappeared, the red yand will allordjhe e(unpleim'ntary 
colour to the green. 

As the edge of the plate of nacrite isrotigh and unpolished, 
and aecuratc-Iy perpendicular to the [larallel faces, ther“ are 
no reheated nor refracti'd pencils, whose combinations with 
one. another, or with Uie direct rays, can ht* employed to 
aecount for the complementary colours. The pln'nomena of 
mixed plates, indeed, are cases of dilfraction when tlu' light is 
obstructed hy the edge of very thin transparent jilat.es plae<’d 
in a inediuiti of drUerent refractive power. If the plate were 
opake the frjnges w(>uld he exactly those which havc^ been so 
often descrilierl, and explained hy the principle of interfi'rema?. 
But owing to the transparendji of the, plate, fringes are pm- 
duced within its .shadow; and owing to the thinness of the 
j)iate, the light transmitted through it and retarded, interferes 
with the partial waves which pass tlirough the platt' and with 
those which pass beyond the diiTra(?tiiig edge with undi- 

* Owing to tlie small rjuanlity of blue rays in candh'-liglit the 
blue almost disappears in it. 
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y, nnd rnodifins tlip I'.sufd .sy>toni of fringes 
ill iIm* nmiiiKM* which wc hcivo dcscriht cl. • 

As iho [»latc of iiacriu* diiniii:slu‘s in thickness, or as tlio 
fluid in which it is iniin(‘rsi>d approaclu's to it in rciVaclive 
<l(Misiiy,* the central c<. loured hands.^ whose u.iion < oiii't ilutes 
the -^//V/vV lint, ^ will diminish in nuni!*er, and d- sciMulin^ 
gradually injlfo scTdi* will linally disapjx'jir wlnni the u*larda- 
tion [)r<;dyc(‘d hy th^.* plate floes m^t percept ihly alter the 
ph<is<‘ ol*tlu‘ ray. \v lieii (lf(‘ plate, on tie* ollun* hand, in- 
cri'ases in ihickne-s, tlu' fluid diminishes in refractive 
I ower, the cen ral hands will l)e(‘ome < loxn* liiid more nume- 
rous, and will iinalU rt‘>c luhle tlu‘ irin.;e*> witliin the shadow 
of llu' orflimwy sj.sleni. ♦ 

When the jilati* ol’ na, rite is lhi; ker at om^ place than 
another liy the partial removal of a jiaralli’J fihn. flic ed-^f' 
when' the iucn'iisi* of lhickiie>s takes ^>Iac'.* pnidiu t s exac tly 
th^ sanu' ])henoineiuL as the (‘di|eof tli^ film liast is rc'nioN ccl. 
or of tho film tliat is idc'vateil above the general surface, and 
hence w(' an' h'd to look for the phenomena of mixed plates 
in minerals, such as (ijUtne and htirn. wlu re a plate 

of I wo diflerent (hickiu's? es can he easily ohlaim^d. I have 
aci‘<jrdin^ly discovc'red the phenonu'na of mixed jilales dis- 
tinctly ('xhihited in Milphale of linn' and mica. 

A more sple ndid cxliihilion of these coh urs is sei'n when a 
Vratinn of cavities of e\tr»-nie tliinness oc. urs in. suljihate of 
leiu'* I have ol)M r\ ed sucli strata rc'pefttedly in the oyp.vuin 
from Mold -mai tre ; hut they are most beautiful ^heii the 
sliatuin has a ci;cu]ar form. In thrs case tlie cnviiies are 
exccediiiLfly I kin at (he circuinieri'nce of the circle, and 
i^niiiii.uaTly increase' in depth towards (he centre, so that we 
havi^^i st'rie s of edi^cs increasini;- in thickness towards a (‘onlre; 
the very reveise of a mixed ]>late. .'‘inh as a film of trihumen 
pressi^d hetwe'en lw<) convex sindacc s. *The sv>tt'in of rinirs is 
thcrei’ore also leversml, tin' hii^hest onh'r of colours hcini^ in 
(lie centre, while the lowest, are at tin* ('ircumference of the 
circular stratum. In many strata of cavities, sucli as the cme 
^whicli I have engraven in my paper on the’new flfiids in mi- 
in'rals,* the cavitie^s are too deep to give tln'coloiy*s of niixt'd 
jihites. *• . 

Another example ofjhe roloiti*s of mixed jilatos in natural 
hodies occurs in specimens mi<‘a, througli which titanium 
is disseminated in beautiful flat dendritic crystals of \arious 
degrees of opacity-' and tran.sj>areiu:y. In these specimens the 
titanium is often diNsemiiiated in grains, forming an irregular 

^ Kdiiiliurgli Transactions^ vol. x. Plate 11. fig. Xi. 
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surface. The of those j;riiins, hy vetardii^^' tlie l,i|;ht 

which they tranSUJlit, produce the ilin'ci and cninplemcntary 
colours ol inixed plati'S iu the pertect manner, the tints 
passing through two orders of colours, as the grains of titaiiinm 
increaso in size towards.^ the interior of the irregular, patch. 
I have observed another example* of these colours in the dec'p 
cavities of topaz, from which the fluids luive either e.seap<*d, 
leaving one or both of the surface’s covered witirmimite par- 
ticles of traiispanmt matter, or in wliich the lliiid.s Iiavl suffered 
induration. 

JNer/i/ hu d/i>/; v;.vc, 

Orlohar IsM, ls;i7. 


X\XV\ Spftrh's olVat^ied from tin* srrondtirij coH nffrr ihv 
Cffrrvfti mtidv io />nss through u atvr. In a letter /o 

the Editor, By W. 11. IIai.sj;, Ks(^ 

Sir, 

There is a fact conneeh'd with voltaic electricity which I 
believe has never as yet. been [)uhlishi‘<l, and as if prov(*s the 
intensity td* the seeoinlary ennv’nt in a remarkable manm’r 
perhaps you in ly think this letter worthy a place in your n(*xt 
iiuinher of “ the Annals.'’ 

It is well Known that if we .'»eparat() the two extremities oi 
the .secoivlary eoil at thesaim? moiiienl that om; of the jirimary 
wire.s of a shock apparatus is diseomu'cted with tin* l)att(‘ry, 
that a .spark will he visible on the seenm/ary wire as well as 
on tlie yrimftry win*, hut in this ease metnllie eontuet af the 
second (try vires has hitherto been eonsiflered tK^eessvry to 
prodvt'e^ the e/fcct. During a conrs<; of (‘X])eriments in w hieh 
I have lately been (‘iigaged, I imagim’d that the s<‘Condary 
current was sufliehmtlf intense to give a spark after passing 
through wat<!r eoufaining a v<*rv minute portion of c(>mm()n 
salt. 1 accordingly put my revolving ap[)aratus to work using 
only one pair ^f cylinders both for causing \\\e revolutions, 
sliock.s, and .sparks. I fhen placed one end of the seeondary 
wire in a gl'iss of water, and about one inch from if. I pla(‘(’d 
a file in a perpendicular posilipn ; the otlu’r end of the .syvo//- 
dfiry coil 1 drew up and down this file.* 'J'he revolving appa- 
ratus w'as going at the rate* of rounds per minute and gave 
two shocks each revolution. Iminedintely l^tovrhed the file 
irifh thi*. secondnry trire / ohst^rrefk (t spork, and htf ('on- 
tirtvin^ the mot ion of the trire on the /He l%bt(tined them hy 
s('(jres, 'I hose who are not in pos.se.s.sion of a revolving appa 
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///?('»• thp current has passed through imler. 

v.'itus or a conlacl l)roakor may jx^rform (lio oxpftrirnont in tho 
tolK>wiii^ iimniier: alfix to ono of the platos of the l)attcry a 
aiirf (o the of Jn*r plate iillix one <»ik 1 c.tf the primartf wire 
roil; then irisert one end of I he Heroftrhiry coil in a glass of 
waler (rontaining a very iniall quantity of common salt or 
sulpfnTric; arid, and place a file in life same glass about one 
inch distant fn^m the* immersed wire. Now let an assistant 
draw the olln^r eii’l of the primary wire across the file attached 
to the hj^ttiTy, whil^it the operator draws the other end of the 
srcoNflTlry wire across the ch*y part of the file in the glass. 
Sparh'fi trill s'jtiti hr^prratired on this latter file and a por- 
tion of the irnter trill be dvt.omposed, keeping the file 
and tin* wire one inch or more distant from each other in the 
w'at('r, it is«evid(mt that the current has^to passthrough that 
spa(ui of w ater previous to obtaining the spark, thereby proving 

TMAT MKTALrjC CONTACT OF THIC SECONDARY VVIltES NOT 

TO ni-: NECESSARY. I havo no dou4)t that a spark could bo 
tvken aft(*r the current passing through one’s body ; l)ul this 
expcrimi'nt I do not like to try, neither can I get any of my 
frietids to fry it, my shock apparatus being very powerful. 
The battery 1 us(*(l wuis composed of cylinders immersed in a 
two quart pot, sulphate of copper being in contact with the 
cop|)er, and a solution of common salt in contact with the 
zinc. 

• 1'h(' of tlic spark is much increased by increasing the 
• numb(*r of cylinders whicli perhaps is unneces:^ary for me to 
7m*iition. With ten pairs I have o])tained very brilliant sparks. 
When the spark is to be produced from one pair Ihe experi- 
ment should be performed iu the dark. If these few' lines 
shou|jl meet your aj)probation sufiicicmt for their insertion you 
shall againliear from me, having several things tocommuni- 
cat^' w’hicii 1 believe would prove interesting to your readers; 
particularly a method how to increase tlio intensity of the 
coils, and also a new theory to explain w hy a sinali pair of 
plates, introduced into a circle, brings the action of the whole 
battery to that standard, I^ela Rives explanation of it being 
in my opinion unsatisfactory. Can you recommend me a 
n»cenlly published work which treats prinerpaHy of the physio- 
logical elFects of electricity. 

*• * J am. Sir, 

, • Yours respectfully, 

^ WILLIAAJ U. HALSK. 

lirent, near Ashhnrton, 

Noi\ 


l or. IV\ — \o. 22, Janujirify 1840. 
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XXKVI. An Account of iunne e.rperimenfs nut(h‘ ho' the 
purpoac of nseeftainino hoic far / oltoic EUcirH ihj moji 
he ufipfnfhj applied to the pnr^ejfiv of icorkuiif in metnL 
By Mr. 'riiOMAs; 

Prefatory, 

1 Jtiviiig maclo known, about throe inonlhs ago, at a 
ing ol’ Hie Liverpool Polytechnic Society, that I into.TjjdiMl to 
have brought the subject of the following paper before tlie 
British Association at its Ihrininghani nn'oting, I (l«'(‘in it a 
duty I owe niyseif, -and perhaps the piiblii?, — to slate IIk^ 
reasons wliy I have not done so. 

About a month previous to the meeting. 1 wrote to Ih’o- 
fessor Phillips, the general secretary, informing liim of this, 
and two other papers f was desirous of lajiiig before^ tlui As- 
sociation at its next meeting, and re(|uesting to know what 
forms wen' necessary to enabh' nu' to do so. 

T roceivi'd a very obliging answer in return, intimating 
that two of my papers would be read at the ( ’hemical Sc^lion ; 
but the one w hich is the subject of the following paper >vou!<l 
bo read at the Mechanical one, as it was deemed a portion of 
the process related to that science; also, that in the event of 
my iion-attendanco thc'y would he n‘ad in my absence. Iiy 
forwarding them to the secretaries of the dillereiit set'tioiis, 
as he would make notes to that eliect. 

Nothing could he inore satisfactory. ^ I, however, wtuil to 
liinningham on the xMonday of tin* week (d’ meeting, and 
immediately paid my sul),scri])tioii for the ensuing year, whieh 
entitled me to all the privileges of a niemher, ~ih(;liiding that 
of reading papers, if so disposed. 

Having satisfactorily completed my Inisinessal the. C’luHni- 
cal Section, \ at once prociieded toihe ShaksjK'arc Booms, 
where the Mechanical (Kie held its meetings, and iinjuired lor 
the secretary. I was shown to a Mr. C’ar|)mall. After inti- 
mating my busine.ss f inquired when I should he called on, 
that ( might be in readiness. 1 was told that a note bad 
already been made of it, and to hold my.s(;lf in readini‘ss on 
Thursday morning, as my papen- would be calle(J on first. 
With this I was perfectly satisfied; hut on Wedm^day, when 
the papers for the following day, as is usual, were announced, 
I could not find my name orpapenin the list. I at oncc' ad- 
dres.sed a note to tlu! .secretary, thinking lie liadforgothm our 
previous arrangement and reminding [nm of ft. 1 atjcmh'd 
next morning at the appointed tiim», pn‘par(*d, ifcalh'd on; 
but on entering the committee-room, I wiis informed by 
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Mj*. (’iirjuniill thill my pjipc'r roiild not, be hrouglit forwiird, 
us ti nMS(jii, (luil I was fjuitc unknown/’ On askinj^ 
what ilus inr‘cint, I was told lhat I was a*nian of no scieutilic 
ni;)utati(>n, and more especially unknown to himself and the 
aelin^' jm'.sidenl of th<' section, IH J^arclner; also, lliat there 
were so many iinporlant piiptu's (o he brought forward by men 
or acknovvhjdjJed reputation, tliat there was no cljance for 
nie.^ • 

Wl^^i tlie sccti(/ti liad elgsed its labours for the day, seeing 
Dr. Lardii(‘r in tliecoom, I jnentif)ned to him, as jjn'.sident 
of (he s(M tioii, the, alTangements that had been entenMl into 
witli me by the secretary respecting my |)aper. Hefoni he 
heard inoia* tlian a few words, lie tokl me he had nothing 
whaleman- to do with it, and haughtily turned away, adding 
hing about valuabh' time. 

( iider th(*so oireunistances I ccjuld not bring 1‘orward the 
j)aiMM*: hut, liad it not hemi for llymnuivoidaljle al)Seiice of 
Droh'ssor l^iiillips, I am (luile sure the ()ngagements entered 
iirlo witli im^ would have been kept. 

In c.onehision I may add, I can find no fault with arrange- 
numts that might lie made hy any Society to seh^ct such suh- 
jeeis as a (’ommittee might deem proper to bo laid before its 
jnembers and the public, as otherwise much valuable time is 
often likely to be lost, — it requiring no small portion of scieii- 
*(ifi(^ learning to be acquainted with all that has been done on 
nmst subjects, and without this knowledge we* are too apt to 
stunihle. on wliat may have been years before thcj:>ublic. But 
in the instances I have related, neither the Committee nor 
Secrc^tary wer<? aAV^ire of the vi(‘ws4 had taken of the sulqec-t 
1^ wfis desirous of illustrating, as they never once asked to 
look ov* r my paper. Had they done so, it would have been 
ut*their si'rvicc. 

It is two years since 1 began to experimentalize on this 
sulqei^t. I (hi ?i made mention of ti to a few friends, (some 
of whom are eoimected with (he puhlie press in Liverpool,) 
but strictly enjoined them not to make it public until the ex- 
pm-imiuits wore matured. At the sanie.tii^ie [^showed some 
results obtained by (his proce.ss. About four months ago a 

* I may state that on the clay 4ii question^ a gentleman was allowcnl 
lt> «>c*cupy iIk' se( (ionby a cle^criptioii of (lu* method he had a<lo|)te<l 
to rurt‘ his ehimney from siuok ng. I mention this, — not luvau'^e it 
was iminiporlaj^it,— hilt beeauso ii had not even been uimoiinct d. The 
alh'gml reason was llistt the seelion wtne on (lii‘ subject of smoky 
<*hiiiiiieys. Ilow^iver, 1 eoiudiuled he was a man of known seieutifie 
^ repiilatiou, — although I have ftirgotteu his name. 



*i()0 iVlr. SporuM'r, nv ihv nf J "alt air Elect rlcit tj ^ 

# 

pai-agrapli appeaml iii the Atlienreuw, stalinij that l^ofassyr 
.Iacol>i, ol* St. IVtor^burgh, liacl iv<*riveil a grant of i]U)ih\v 
► from the Knipevor, to onahle him to make experiments i)Ti 
engraving hy galvanism, as he liad been enabled 1o preserve 
line lines in relief by this pi/neiple.* I aecordingly eoiK'I^Kb'd 
that he was engaged in experiments analagous to my own : 
but having gone much fartlun* than merely pi^.)du(;ing line's in 
relief, I at once made it t)ubli(g and showed spt'cind'iis of the 
results I had obtaim'd in dilFeren^ experifm'nts. — was 
done at a meeting of the Liverpool l%;lytechiiie Socic'ty ; 
some of the members of which then spoke to tlu'ir knowledge 
ofiny having beenVngagcd on this subject fora consid<nabl(‘ 
period. 

1 am not aware that Ih'ofessor Jacobi has mack? his process in 
any w’ay j)ul)lic: but if I am to Jii<lge from some specimens I 
saw a few days ago in Jliryiinghain, in th*' model room, jiro- 
diiced by it, I should l)e jnclini'd to think that In* h.as madi', 
small progress in this suhjeet, — om* of (lie spi'cinn'iis Ix'ing a 

plate of copper precipitated oti another, whi(‘h he lias ])e<'n 
inuible to get olf; the |)riut(*d des(*riptioii staling that .‘ihrough 
some particular civcumstaiu’e they adln’ii' l(\LO*tlier.” It will 
be si'on , in th(' course* of the follow ing expernnent.s, that I <'arly 
arrived at this point which has aLo bcmi tia>^ily and com[)!('tt‘lj 
surmounted.t 

I entertain no vt'ry sangniae notions as to tin' fulur(' g/ ///'- 
rnl applicatioif of this method of o{)erahng upon tin? metajs 
more especially copper. J'bis must l)e entirely left to tin' 
practical engraver and printer. 

* a /lotice of iJacobi’s experilIlent‘^ at |>. \ <tl. 3, «>f yicsi* 

Annals. Eoit, * • 

+ 1 cannot luilp finding* some fault with the mode a<lopt(‘d I)y the 
prole*^sor (<.*r, il may he, injudieioiis friends), of amu>imeing his dis- 
coverie’s. About twelve? months ago, i imagined tlial I liad #iis- 
covered a method of oljviating, hy simple im*ans, tin* great dillienlt y 
ill the construction of eleclro-inagiujtic Engines ; fmt, on s(‘eing seve- 
ral paragraphs from time to time in tluj news|)apers, professing to 
be copied from reetdved from Ht. l^dersburgh, stating that 

Dr. Jacobi had sncceedrd in constructing engiiit*s of ro!isi(U.*raf>le 
power, on this priiiciph', I at once gave up my rf*s(!a relies on the 
sulyect, thinking the thing already done. t It is only a weeks 
since a statement appearecl (in a Li\^irpool paper, — on the authority 
of a letter recciv(*d by l^rofes.'or Wheatstone from Dr. Jacohi,) that 
he had kill elect ro-magnc?tic machine^ of forty-horse pow<?r, at wnrk 
on the Neva; hut, since, it appears another letter^ stales h<* had 
hoped only to have such an c?ngine liy tliis^period, and still •hopes 
hy next year to aeeoinplish his object — hut has not as yet su(*<*4‘edr‘d 
with one of f hrer'-liorse power. , 
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• Tho <|iu\stion with ihriii W’ill ])<\ — Is' it rlir'aprr and hett<*r 
tlian flu' iiirllicds in (•onmioii um* It iniiy now ho answf'rrd 
(iivt^ it iair trial; tin; Wiiy is pointed out -jjractico will 
n()_douht (.'iiahlo you to improve inK)ii tho niothods which sui^- 
i^cslcil llnnnscJvcs durinn' tho cixpcViniontal invc.>t i^iit ion de- 
tailed in ilic fo1ow'in<4‘ [)agcs, aiid nuist prohahly ni.'iy rca!i>e 
an ( \(<-4id<*d ih'ld ol practical utility Ihr the j)eLuliar mode? 
of opcvitioii which iia;- hcon the r<‘SuU. 

I lc(‘l as^uit ( 1 , h()^vi‘vcr. Unit, in tln^ arcana of many trades 
and hianchi's of art, tliis procji'ss will he lound an im|,>oilant 
addition - Mippljiin; as il a means ot; producin;^; a cast, 

or a die, i]i Inird metah ir 'iiliout llu: of hoot or pros- 

'<on\ and in extreme perlection and well-(h‘line<l sharpne>s. 
^\or, (I lUM'd hardly ohst'rve) is its apjjlicat ion conlincd to 
c(-|)per oidy. 

In addition to the a}i|jlicid)ility di* thi.> process, in procuring 
exact lac similes of co///x, or ;//cVA/A*, witJi ail tin.' liiu'al 
shar|)ness of the original, perfect copit's maj he obtained of 
hron/ed /ip^}n'(!S ; nor do the\ recjuire (rhasing w hen taken out 
— nor cio 1 ap[)ri‘hend iiieouvenient limit.ition as n’gards their 
si/e. 

Assuming it to liO ailvantageous to jnihlishers of mu^ie to 
ha\e tlu'ir jilalts io rf'lic/\ hy this proet'ss they will he 
M'nid)le<l. in lli(' original engraving, to have them so, 

I hav(* s<'eii nothing in wockI t'ngra\ ing* tlr,it might not hr* 
]troduei (l in copper, in relief, hy this means ; llie ehemii al 
plates might , possibly, ia'(juir<^ retouehing lo a .^mall extent, 
hut, with careful, manipulation, tweiily or llurtv such [)!aies 
might he t,lken from one mould. 

• I may hi< ntioii that the advantagt* of being able to prodina* 
a, given elleet from a plate in relief would he vt ry considerable, 
as ten printed impressions may freejuenily he taken, in the 
linu* occuj)icd in producing one ,l»y the ordinary mt'iln'd 
from a eojipcr-plate. Plates !o re// e/’ might also iVecjUt'iuly 
he printed oil* in the body (»f the work — whii-h, in jioint 
of economy, would lie a very considerable advanlagt*. 

In the formation of that importairt impK'imnt in tlie 
manufacture of printing types — tin* matrix or mouKI. — 
ad\aiitag«\s in the adoption of this operation appear to presiwir 
llu'inst'lves. And, I am j^ssured hy the printers of this 
paiujihlet, tliat it gives j]fiir promi.se to supply sevt'ial im[ior- 
tfint dt'siderala iti the art of printing, and in its aiieiuiaiil 
operations,- -more particularly in the stereotype proct ss. 

In’ gc‘neral,r~“l fet‘*l ctuivineed that il exiiihits m;m\ pro- 
mising indications ofutilil}, shoidil m> obstacles in a peiuni- 
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ary point of view present Ilieniselvt'S, on occasion of atteiuii^s 
to extend the a|)plic»tion of the discovery. 

In the following paper I have deiaileil afew oi tin* most 
illustrative experiments made during the investigation, trust- 
ing that they might he foifnll interc'sting, n(»l only to tlie gene- 
ral reader, as illustrating the progress ol diseovi'rv, l)ilt In llw 
future experimentalist, in j)oinling out to hnn the; metlmds 
that have best succeeded, as well as those jn? ought t(^a\()id. 
la all cases 1 deem details of ehenrieal experiments esselTlially 
necessary; asmic: fipjiarait/ trille omitleiT, is more than lii.ely 
to retard the lahoiys of the future praclitiom r. 

Having made many experimetils on a larger scale than 
those detailetl, since writing the following paper, Ii shall, at 
its conclusion, detail the methods to be adopted und< r 
difFerent circmnslanees. 

First ; — 7o e/igrarc in 're/ief on n phxU' of rofiju'r. 

Second : — To depoait n roltaic coj) per- plot c, hot inf ihv 
Hues in relief. 

Third ; — To ohlain <i fac.-,si)nile ofo inodot (n re me or 
ohrerse ), or of o hronze easf. 

Fourth: — I'o ohlain a r'llloir itoprt ■‘ixioo from phistrr or 
idmj. 

l^astly : — A method of nrtdliphjinf (hr nninhrr of olrruthj 
rngrnred copper-pln(m. This last promises (o he of va->l 
import. — more^ ^;^pecially in the l*otli‘ri(‘s, a.> there ilicy 
reipiirc, in many instances, eight cir ten copper |)la(es <»l'.a 
similar pattern. Hy the method 1 .shall i)oinl oo-t, I can '-ee 
iio reason why they should not he ahle to luultijtly them ot/ 
infinilxnn. ' * • 

I shall also give some rules for tin; managenufnt of*lii« 
apparatus, which my experience of the proee.is has suggested. 

When L have done this, I shall then have laid hel'ore tfie 
public the result of many an anxious - and, 1 may add, 
pleasant — hour: each experiment reriuiring a eonsiderahle 
lapse of time lor its development ; hut when atteiuh.'d with 
success — no words of mine can convey tin; pleti.surahl<; fe(;l- 
ings coupled witlrsuch <i r(;sult. 

1 have been led on, hy the fonjl hope that the presmit 
.simple discovA’y may be the foundation of a va.st, struct tire 
of Synthetic Chemistry, which ds perhaps d(;.stined, tal no 
distant date), to imitate, for tin* u.ses of humanity, all the 
most wonderful, hut apparently cofiiplicated, elaborations of 
Nature. 
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V A V VAX. 

iXofico frircH Mdij (ho S/A — road Sojdojnher tho, 12///, Hoi). 

‘ lliCNiJV iJoorii, I'^sg. ProsMhtUfm the Chair. 

1 !i thi' |) ;|)?T I now I he honour to lay l)eforc the Society, 

I do nol^ [j-w'e.:.*, to hav«? brought forward a [)erlect invention. 
My oii'^y ol.'p'ct i.s to point Aut a means by whicli, I hope*, 
j/iaciicfil ni'*n may nl:*iinal<‘ly be enabled to apply a great and 
univn-Mil principle ot* natuKi to liio nsefii^ and ornamental 
piir[)oses of lib'. In this 1 may be considered sanguine. — an 
»*n‘or, I am aware, loo often rallen into l^y those, who, like 
myself, imagine they havr* discovered an useful aj)pliealion of 
an iniporlant jirinciple ; but !iowev('r this may fallout, I now 
pn»e<‘fMl to lay an aeeouiit <<f its lesidts, successful and uiisue- 
ces>ful, before* the mend)ers and *(he public. — ju’eviously 
slating, liowi'ver, that idl my lirst experiments were made on 
a small scale ; a method (-f procedure attended with imany ad- 
vantages to the experimentalist himself, but having its dis- 
advantagi’ when laid bedbre the public. In this lirst respect, 
the clHunic’id expeiinientor has a decided advantage over the 
mccluuiicai ojie ; the success of his experiment, when tried 
on a small scab*, do\d)l\ guarantees itssmaass. if conducted 
(ill a still larg(U’ — >vith mechanical results I btdieve in most 
inf.‘tam‘(‘s it is'lhe reverse. Ihit, when the chemist pioduees 
his mi( rost:o|)ic proofs, the [)iil)lic are generally slow to l)elieve 
that such mimite apix'arames should warrant him in coming 
to anv genei,*d conclusion, * 

A li/Sep((^ml)er, l^d7, I \vas induced to try some experiments 
in Electro-chemistry, with a single pair of plates, consisting 
of a small pieci* of /inc and an lapial si/.ed piece (►>f copper, 
connected together with a wire of the latter metal, li was 
inte?i(l(Hl that the action should 1)0 sW ; the Iluids in whieh 
the metallic electrodes were immersed were in consequence 
s(‘paiat(Hl l>y a thick disc of plaster of paris. In one of llie 
cells was sulphate of copper in solution, in other a weak 
solution of common salt. need scarcely add that the copper 
eh*(*trode was placed in the cupreous solution. 1 mention this 
experiment, brielly, — not because it is diroothj conneett'd w ith 
what r shall have to*lay before tho Society, but because, by a 
portion of its results, I was induced to come to the conclusions 
I liavi* doin' iu the following paper.* 1 was dt'sirous that no 

^ 'Tlic e\)>rnnicnt Ikut xllmHl to waste ilt*1enniiu' a most iin- 
^)ortaut point — ainl as it has an intimate eonnexmn w ith the future 
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action sliould take pkicc on the wire by wliich the ('l«‘( lrotl<*s 
W’('re held together! ^'o obtain this object 1 varnished' it with 
sealing-wax varnish; —but, in so doing, I dropped a poriion 
of it on the copper that was attached. I thought nothing of 
this circumstance at the* ftioinent, but put the experiinVnt in 
action. 

^riie operation was conducted in a glass vessel*;.! had con- 
seipiently an oj)portunity of occasionally /*\aniining fij^s prf)- 
gress. When, after the lapse ot^ a few' <j:iys, inelallic crjstals 
had covered the copper electrode, — with the r.rcej)f /on of that 
portion which had been spotted with the dr(»ps of varnish, I 
at once saw that 1 had it in my po\v(‘r to guidj* tilt* niiMallic* 
deposition in ciiy shape or form T chose, hy a (K)m».spon(ling 
application of varnish, or other noii-metallic suhstanctx 

I Iiad been long aware of what i^vrvy one who iiscvs a sus- 
taining galvanic battery Vith sulphate of copper in sohilieii 
must know, — that the c6j)ptn* plati's a(‘f|uive a <‘oaling of citp- 
per from the action of the battery ; hut 1 had never thought 
of ap])lyiug it to a useful purpose hefon?. My lirst (*ssay was 
with a piece of thin copper plate having about lour iiiclies of 
superfices, with an eipial sized piece of zinc, comie(‘t<'d togetlw'r 
with a piece of copper wire. 1 gave the (‘o[)|;er a (oating of 
soft cement, consisting of bees’ wax.ri'.dn, and a n il enrih -- 
Indian or Calcutta red. d'he ci'inent was compounded idb^r 
the manner recominonded hy Hr. l’'aiculay in his work on 
chinnical inanipu!ati<»n ; but w ith a larger [import ion of u?i\ . 
The plate* received its coating w'liile hot. On (‘ooling, I 
scratcbeil the initials of iny own name rudely on tlie j»lat(\ 
taking special care that the cemtmt was ijiiite i^emovcdjmm 
the scratches, that the cojipcr might he tliuroughTy expost* 1. 
This was put in action, iii a cjlindrical glass vessel a]»out juilf 
tilled with a saturated solution of sulphate of cop[)er, F then 
took a common gas glas^:, similar to that used to envelope an 

apnlicatioTi of the results ihitailed in this pa[H*r, 1 rniiy lx? excuKcd 
in brii.^fly alhiding to it hen*, in fact no tixpcrinuMil can be niatle 
with any certuinty, without kce[)ing its results in view , 

111 Hepteinber, 1837, at the Liverpool meeting of ihi* Ilritish 
Association, a** clever young demonstrator (Dr. IJinl, ,of l.omion) 
asserted that in an experiment lie iiail made, hi* had ohtaiiurd crys- 
tals of pure cooper without the intervention hfa metalhc nurl{*ns to 
comineiice w itli. I doubted this at the time^ as it was opjiosed to 
all former experiimce. However, 1 mailer sev(*ral very eareful ex- 
[x riments, follow ing Dr. ihriPs plan in all lie stati il ; then varied 
them in oriler to give it every chance of success.* 'J'lu* result was 
that /#o Wfintlir. crystal lizatifni will take placc^ unless a metallie or 
narialhft.roiis iiucleus be presmit. 
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Ari;«i1i(l liuriKu*, and filled one end of il with plastef of paris, 
• lo llie de|llli of three -(jiiarters of an ineh. In this I put some 
Weller, adding ti few crystals of sulphate of soda to excite 
action, the plaster of paris serving as a partition to separate 
iIh! fluids, hut sulliciently porous to allow the electro-chemical 
fluid’to pcMiiK^ate its suhstance. 

I now iamUthe wires in sucli a form that the zinc end of 
the arrajj^^ement should lx* in the saline solution, while the 
1 ‘opper end should 1 m! ip the cupreous one. 'I'he gas glass, 
with tlu‘ wire, was then [ilaced in the vessel containing the 
sulphate of copper. ^ 

It was then suH’ercd to remain, and in a few hours I per* 
n‘ived that aVtion had coininenml, and flial the portion of 
the copper rendered hani hj the scratches was coated with the 
pure hright depo.vited metal, whilst all the surrounding portions 
were not at all acted on. I now saw hiy former ohservat ions 
realised: — hut wliether the ([(‘position so formed would retain 
its hold on tin? plat(?, and whether it would be of sufficient 
solidity or strength to hear working if applit'dlo a useful pur- 
pose, hecann* ([uestions which I now endeavoured to solve by 
(‘xp('rinient. 

It also h(‘eanie a(juesti()n wh(‘th(*r — should I he successful 
in tli(‘se two points — I should he aide lo produce, lines sullici- 
eiiM) in ndief to print from. I his latt(T appeared to depend 
entin'ly on the nature of the cement or el chin^j^ -ground 1 
might use. 

'riiis last I endea\our(Ml to solve at once. (I may 

slate) this a])peared l,o he tln^ principal difficulty * as my own 
iinprc.s^ion tlu^n was, tliat litth? less lhan one-eightli of an 
inch of reli(‘f would he re(|uisite. 

I then tofdv a pieci! of copper, and gave it a coating of a 
modilication of the cement I have already mentioiitMl, to about 
ou(‘‘('ighth of an inch in thickness; apd, with a steel point, 
(‘nd(‘avour(‘d to draw lines in the form of net-work, that should 
(Uilindy penetrate the cement, and leave the surface of the 
copper e\poS(*d. PjiU in this I expi'rienced much difficulty, 
from tln^ thi('kne.ss I de(?nu'd it necessary to us'e ; tnore espe- 
*ciaily, when .1 came to draw th(‘ cross lines of the net-work. 
W hen tin? cumeiit was soff, the lines were pusheil as it were 
into each other ; and Y^hen it w^as made of harder texture, the 
int(‘rv(‘ning sipiares of the mjt-work chipped off the siirfa(’e of 
tin? metallic plate. However, those that remained perfect I 
put in action a.s before. 

In tin? progn‘s^ of this experiment, 1 discov(*ivd that the 
solidity of (hi’ metallic dc’posilion depended enlindy on the 
Wi'akncss or intensity of the clectro-eliemical action, which 1 



2i\C> Mr. Spcncov, n?/ t/w UM* of roUfdc Klert rif it tj 

* 

foiiiul I had in inypowt'r to ivjyulate at ploasuiv, 1)} IIkj (•hick- 
ness c»f iho iiiJonvenin;^ wall ol* pla.'^ter of pnris, and by tlu‘ 
coars(Mu\ss and liiieness of the material. I mach^ fhret' siuiilar 
CKperiinenls, alterin.i^ the texture and tliiel.mv'S of tlu‘ pla^U'r 
each time, by which 1 hift^ortained that if the plasler partitions 
were Z/j/V/ and coars'p, the inetallie dep.osilion pioreiah'd-with 
great rapiditi/^ but the crystals were iriiilMc easily .st'i)a 
rated ; on the other luind, if I nuulo tlie partition thicker, aial 
of a little finer nialerial, the a(^ion was inii(‘h slowei^, and iho 
inelallic deposition was as solid and tfiictile as co[)jj(*r forme I 
by tlie usual methods, — indeed, wlu'ii the action was exi eed- 
ingly .slow, I have had a metallic deposition apparently imu h 
harder than coinnioii sheet copper, l)ut more brivtle. 

Tliere was one juost important, (and, to nn\, disc'ouragingf 
circumstance, attending (ht?se experinuMits, which was, ihat 
W'luui I heated the plci^tes, to get off Ihi' covering of cement, 
the meshes of copper net-work invariahly cann^ ojl' icitlv if. 
1 at one time imagined this difliculty in.supt'rable, as it ap- 
peared to me that I had cleared iIkj cmnent entirely from the 
surfa<*e of the copper I meant to have exposed,-— but that 
tliere wa.s a diflerence in the molecular arrang<?iiumt of copper 
prejiared by heat, and that prepared by voltaic* action, whic h 
j)reventod tlioir chemical combination. llowtiver, 1 then 
determined, should Ihi; prove so, to turn it to account in 
another ina,utier, which I sliall relate in the second portion ql’ 
this j)ap<u\ 

I then occupied myself for a considerable period in nuiking 
cxperimeiit.s on this latter section of the sul)ject. 

In one of them I folmd, on examination, portion of the 
copper deposition, which I had been forming on the sifrfav‘.e of 
a coin, adhered so strongly that I was quite imahh'. t')^i*t it 
otf, — indeed, a chemical combination had apparently taken 
place. This was onl^ in one or tw^o spots, on tlie proftnnent 
parts of the coin. I immediately recollected that on tin? day 
I put the experiment in action, I had been using nitric acid, 
for another purpose, on the table I was operating on, and that 
in all probability the coin might have bc(m laid down wImm c. a 
few drops of the acid had accidentally fallen. I thmi took a' 
piece of copper, coated it with cement, made a few siTatclnxs 
on its surface until the copper appeared, and irnnuirsid it for 
a short time in dilute nitric acid, until I per(*eived, by an 
elimination of nitrous gas, that the cjxposed portions w(‘re 
acted upon sufficiently to he .slightly rorrodc^l. I then washed 
the copper in wafer, and put it in a<1iou as^before described. 
In forty-eight hours 1 examined it, and found the limxs were, 
entirely filled with cojiper. I ajjplied heal, and lin n spirits 
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lurpf^nlino, to oil’ the oemont ; and, to my satisfaction, 

J found llrtil the voltaic copper had coniplitoly conil)iued 
itsi^lf with the sheet on wliieh it was deposited. 

I then gave a plate a coating of cement, to a considerable 
thickness, and stmt it. to an engravf'r', but wlnm it was re- 
tuiiKMl*, I found the linos were ch^an d out so as to be w«tdgo- 
shapiul, or som^Ovvhat.'in the form of u V, leaving a hair line 
of the i.oppe^ exposed at the bottom, and a broad space near 
the surface?; and where the tu/n of the letters took place, 
the top edges of the lines w(‘rc galled and rendered rugged 
by the aei ion of the grav(n\ This, of course, ^as an impor- 
timt ohjec-tion ; wlii(*h I luive since been able to remedy, in 
M)nn‘ K'speet.-,,* by an alteration in tlui shape of the graver, 
Xvliieh should bt» made of a shape more resembling a narrow 
paralielogram than those? in common usi?, — soim; engravers 
have many i;f tlu'ir tools so made. I did nut put this plate in 
action, as I saw tliat tlie lines, whcTi in relief, would ha\e 
been hroad at the lop and narrow at the bottom. I took 
another plate, gave it a coating of the wax, and had it writtem 

on with a nu?n' point. I deposited copper ou the lines, and 

afterwards luul it printed from * 

I now considesred part of the difliculties removed: the 
princii»al one that yet niinained W4is, to find a cement or 
elcldng-ground, the texture of which should be capable of 
l)(;ing cut to the required depth, + without raising (wliat is 
Icchnically terni(Hl) a hurr, and. at the, same lime, of sufiicient 
toughness to atlhcre to the plate, when reduced to u small 
isolated point, which would necessarily <>ccur in the operation 
whicli w ood-eiigravers’tcrrn cross-hat citing. 

• 1 1 vied*a numb(ir of experiments wdtli dilieront combinations 

of waxj^ resins, varnishes, and earths, also wdth metallic oxides, 
— -all with more or less success. • 

The one conihination that exceeded aU the others in its tex- 
tun', liaving nearly every recpiisite. (indeed I was enabled to 
poli.sh the surface nearly as smooth as a plate of glass), was 
principally composed of virgin wax, rosin, and carbonate of 
l(»ad — the white lead of the sliops. 

• AV ith this compound I had two plates, a indies hy 7, 
coated over, apd portions of maps cut on the cemeilt, which I 

f 

# 

♦ 'rius plate w'as shown, niul ‘i^lso speeiinens of printing from ?t- 
+ I have since learnt, from practical engravers, lliat niuch less 
relief is nee<'ssary, "ky print from, than I luul deemed indis|U’iisil>h' ; 
aiid that on I)e(Mmiing inore^fainiliar with the cutting of the wax- 
c eiiieul, tliey v\ould 1)0 enabled to engrave in it witli great facility 
aud^>t i cImou. 
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hail iiitonili'd fehiSukl havi^ hci'ii priiiloil ofTaiul laid Ihi* 

Uritish Association at its meeting. I a[)j)lle(l ihi?' sann^ pro^ 
coss, to these, as to olhers— clipping tliein* in dilute nitric 
acid before putting them inaction: iiuleed 1 sulleitnUhtMu to 
remain about ten muiiites in the solution. I then pul them 
into the voltaic arrangement. Tlie action proceeded, 'slowly 
and perfectly, for a few days, — when I renioned them. I 
then applied heat, as usual, to remove the ciuncn#^ — \vht*n all 
came away as in a furiuor instance ; ^the voltaic i‘oi>per pi eling 
off the plate with the greatest facility . I was much pii/ /ded at 
this unexpected result, but, on cleaning the p.atc, 1 dis- 
covered a delicate tracing of lead, exactly corresponding to 
the lines drawn on the cement previous to Vhe immeivioii 
in the dilute acid. The cause of this failure was af oin e 
obvious; the carbonate of lead I bad used to compoimd 
the etching-ground had l>een decomposed by the dilute 
nitric acid, and the metallic lead tlms set free had (h'pdsited 
itself on the exposed portions of the copi)cr-phites, preveiiliiig 
the voltaic copper from chimiically combining whth tlu' sheet 
copper. 1 was now obliged wdth regret to give up this com- 
pound — although, under other ciriMinislances, I have no doubt 
it may be rendered available. — 1 adopted anothej*, consisting 
of bees’ wax, common whiling, resin, a small portion of gmu, 
and plaster of paris, I'liis seems to answer the purpose tole- 
rably — tli/mgh I have no doubt, by au extondml practice," a 
better may still be obtained. 

1 noW proceed to the second, and I believe* the most satis- 
factory, portion of the subject. Although ? have placed lliese 
experiments last, they were made siiiiullafieously^with the 
others already described; but, to render the sul)ject''jnore 
intelligible, 1 have placed them thus. r 

1 Ifttve already stated that I was desirous of executing in<»- 
tallic ornaments by ihis means, in either cameo or intaglio ; 
but, being well aware of the apparent natural law which |)r»'- 
vents metallic deposition by voltaic electricity, without the 
presence of a metallic body, I perceived, in conse(|ueiice. its 
uses, if a1iy,*W(Jukl !)e extremely limited, as, whatever tirna- 
lueiit it inight produce, it would only be by adhering to the 
condition of a metallic mould. , 

I accordingly deterinined'to make.my first experiment on a 
very prominent copper medal. ^ I placed it in a voltaic circuit 
as already described, and deposited a surface of copper on one 
of its sides to alioiit the thickness of a shilling. I tlien j>ro- 
ceeded to get the deposition off. In this J exjierienced some 
difficulty, but ultimately succeeded. On examination with a 
magnifying glass, I found every line w'as as perfect as the’boin 
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* 

Wins tVfyni w hic h it was takc^n. I was Ihc'ii iiulucccl to use the 
SciDia picco^a^iiin, and Ic^t if ivinairi a iniudi lon^^er tinia in 
af’tion, that 1 might huvo a thicdvor and more substantial 
mould. r accoiilingly put it again In action, and let it re- 
main until it had accjuired a miudi thic lp^r coating of the me- 
tallic cleposition ; hut wlum \ attempted to remove it from the 
nH‘dal, 1 found I .was unalnle. It had, apparently, completely 
adlnned to it. ' 

I hadof^'Vi practised, ’with sonje degree of success, a method 
of preventing the oxidathoi of polished steed, by slightly heat- 
ing it until it w<mld melt virgin wax ; it was then wipe<l, 
appan ntly. comph'tcdy oil’, — but the pores of the metal be- 
came imj)i cgnatc'd with the w'ux. * 

A thought of this method, and applied it to a coppe^r coin. 

I first healed tin? pi(M‘<s — applied wax — and then wiped it 
so eompicdely olf, that t In* sharpness oi ^the coin was not at 
all interfered with. 1 proceedt'd iis f)el‘or<\ and depositiMl a 
thick coating of (‘opper on its surface, after the lapse of a few 
days. When i wdshc'd to take it off, I applied the heat of a 
spirit-lamp to the hack ; when a sharp crackling noise took 
place, and I had tin? satisfaction of perceiving that the coin 
w'as cornplehdy loosen(.‘d. In short, I had a most complete 
and perfect copper mould of a halfpenny. 

1 have since taken some impressions from the mould thus 
takcMi ; and, by ad<n>tiiig the above method wdth the wax, I 
<jrA them out with the* greatest ease. 

I was now of opinion that this latter method might be 
aptilied to engraving much better than the method described 
in tin* first portion of this jiajier. llcing aware that copper in 
^ a voltaic»cirt ui,t dc'i'-osited its«*lf on lead wdtli as much rapidity 
as on coppi*r, 1 took a silver coin, and put it hetween two 
pieces ^^f clean shei*t lead, and plac^eil them under a common 
scrc*w p’;e."i«* hVom tin* .softne.ss of tlie lead, 1 luul a complete 
and sharp mv»uld of both sides of the v*oin. I then look a 
pic'cc*. of copper w ire, — soldered the lead to one end — and a 
piece of '/iu<! to the other, and put them into the same voltaic 
an*angt*menl I have already described. 1 did wo/, in this in- 
jktance, wv/.e tlie inoukl, as i felt assured that (lie deposited 
coppt'r would easily separate from the lead, by the application 
ollnat, — from* the different ^expansibility of the two metals. 

In this result I was not disappointed. When the heat of a 
spirit-lamp was ap\)lied for a* few' seconds to the lead, the 
(‘opper impression fell easily off. So complete do I think this 
hitter portion of flie suh^'ct, that 1 have no hesitation in 
asserting that fac-similes of any coin or medal, no matter ot 
wha/ si/t*, may hr n'adily taken, and as sharp as the original. 
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• 

To further test tlje cupabilities of tliis method, I took ji pieye 
of lead plate, and stamped some letters on its surface to a 
depth siitlicienl; to print from when in relief. 1 depositecf 
copper on it, aiul found it came easily olf. 

I now come to tli^^ conclusion of my e\periments-on this 
subject. As I stated at first, my object was to deposit a me- 
tallic surface on a model of clay, or other -*->o//-;nelalIic body, — 
as, otherwise, I imai^ined the application of'lliis principh^ 
would be cxtrenudy limited. mad(f many t>\jfe#imenls to 
achieve this result, which 1 shall not*tletail, but content my- 
self witli describing that which was ultimately the most 
successful. • 

I took two modiils of an ornament, one made of clny, ami 
the other of plaster of paris; soaked them for some tiim' yi 
linseed oil; took them out, and sulfencl tliem to drj . liist 
getting the oil clean yffthe surface. When dry, I gave* them 
a thin coat of mastic varnish. Wheii the varnisli wiis as 
nearly dry as possible — //o/ thorou^^hhf so, 1 sprinkh'd 
some [)ron7.e powder on that portion I wished to make a mould 
of. This powder is principally composed of mercury and sul- 
phur. I had, however, a complete metallic coating on the 
surface of my model, l)y which I was cmihhMl to deposit a 
surface of copper on it, by tlie voltaic method 1 have aln ady 
described. I have also gilt the suifaee of a claj mod(‘l with 
gold leaf, and have been successful iii depositing the copper 
on its surface. 'Jdiere is likewise another, and (as I trust' it 
will pre^ve) a simpler methcwl of attaining this ol»J<‘( t, hut a> I 
have not yet sutKciently tested it hy experiment, I shall take 
another opportunity of detailing the method. 

• 

[At th(! close of the paper, several .spO(*iinons of coin.? and 
medals — some of them in the act of formation hy tvht^ vol- 
taic process — were exhibited to the memliers.] 

AUDKNDA.^ 


t6 en(;k.\vc in kkijkk on a clati: of corei.u. 

Take a plaice of copper, such as are in use anymg engra vers. 
It is not essential that it should l)e highly poli.'^hed. 

Have a pi(*ce of copper wire ne.itly soldered to the back 
part of it, and tlien give it a cflating of cither of llie cements 

• 

* Note — Hy procf'ss iron cnsting^ that are n^tjuin fl to Ik^ 
pp'^^frrvecl fW)in the vv(jath(.*r may have a coatihg i>f r-opper givirii to 
diem, ol' any re< pi i'ite thick nes.'^. 
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Dionl ioin^d. *('Jiis is host doiio hy Ji(?ating the plcile 
as \v(Ti as lln‘ wax ; or, lo level the wax alter it has had a coat, 
MioM (ho hack pari of ihe plate ov(‘r ti charcoal fire, or sjarit- 
lamp, — taking ^ani to ln)ld it level. 

'riii^M writer, or draw the design, ori^llu? wax, with a black- 
Itsul pencil or a j).)int. 'riie wax must now be cut through 
with a graviir, or a steel point, — taking special care that the 
cop|)(‘r is (\t pdsrd on en*nj line. 

i( must he imUi^ rsed in dilule nitric aci^l — say, three 
parts wat«'r lo one acid.* It will he at once s(‘en whelhor it is 
strong enough, h\ the green colour of the solution, and tlu^ 
huhhieN ol' nitrtJU> gas rliiuinatt'd. 1 j('t it. remain long iniongli 
lo allow ihe ex|n)se<l liiK'son the j)la((^ to he..s7/g7///// corroded ; 
ijial lh(' wax Twhich gels into tlu^ poriss of the eoppor during 
tl\e lit'aling [)roce;-s), may lui tlion)ug‘hly got rid ol*. IVaclice 
will del<‘rmiin‘ this, hetlm* than any ruj^es. 

djje plait* is now r»*ady to pla<H‘d in tlu' voitaie a[>p?ira- 
tiis I'aigraving, p. 3. j After the voltaic* co])per has Ina ii 
deposited in the liiu's engraved in the wax, the surfaces of the 
formation will \>o. lound to ho rough, more or loss, ac(*ordingto 
the (juickness of the action. 'I'o remedy this, ruh the surface 
w it h a pi<‘ee of smooth llag or pumic e-stone, w ith water. Then 
heal tlce platc!, and wash oil* the. wax groundwork witii spirits 
of tnrpeuliiu' and a hnisln 'I'he plate is now ri*ady to he. 
]>rii!led irom at an ordinary ju'ess. 


ro oi-eo.siT a sor.ii^ \i(’ jm.ati.,^ n a vixcj roK i.ini:s 

. • l\ UKLIKI'. 

• 

'laV a plate of copper, lead, silvi*r, or type-metal, of the 
reejnired si'/.e, and cmgrave in it, to the depth refiuisito tf) print 
from, wlu*ii in jclii'f. ^ 

(’onlrary to ordinary engraving, the liiu's must he fltrf at 
tin* hottiun, and as m*arly as possible of the same depth. 
Wlum so e])gravc*d (should the plate l)e ('oppi‘V or sil\ an*), heat 
jl, and thi*n apply a little bees" wax (what is fi rnnal virgi]i 
wax is preferable) mixed with a very small proportion of 
spirits of turpentine; andgi\e the plate a coating* of it. It 
may he laid <mi ii^ a luinj): and the heal of the plate should he 
sutlicient lo nndl it. \\ hen j)n the eve of cooling, the plate 
should h(‘ w iped clean, and all the wax taken oil*.— as sidll- 
cieiil will ha\(* ciftcred the pores of the plate, to j)revcuf (he 
Voltaic coj)p<*r from adhtM’ing. 

Then solder a piece of ei>pp('r wire. 
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The plate must now receive a couple of coats of thick var- 
nish on the hack atul edges (a pre^paration of shell-lac and 
alcohol does verj^ well). I prefer, if the ]>late is large, to im- • 
bed it with plaster of paris or roman cement, ki a box the si/e 
of the plate, allowing, tjiie wotxlfm edge of tluj box to 4>rojet-t 
just as much above the surface of the plate, as you wish tin? 
thickness of the voltaic one to be. (C'ari:? must he taken, to 
keep the engrav(‘d surface of the plate clean). • 

It is now ready to be phieed in* the appam^JS to bti 
deposited on. • 

Should the plate be lead, — or, what is still better, type- 
metal,— the preparation of wax does not re(juiro to he given 
to the plate, as, wlwiii it is tlepositedon to the given thiirkne.ss, 
applying heat is sulliciont to loosen the plates. 


TO PUOCUUE FAC-SIMILKS OF MKOAI-S, &e. 

This may be done by two dilTerent methods ; the one, hy 
dep<rsiting a mould of the voltaic metal on the face of tlic 
medal, (having tirsl heated it, and applied wax), and then 
depositing the metal (by a subset pient operation) in the mould 
so formed. 

'But the more ready way is, to take two pieces of mhled 
sheet lead,*(cast loail not being equally solt) , having surlaces 
perfectly clean and free, from iiuh'.ntation. PutAhe medal 
between the two pieces of lead, suhjticting the \^hole to pr(?.s- 
sure in a sert^w-press.f* A complete mould of l>t)th sides is thus 
formed in the lead, showing the most delicate line?. pcTfec^t 
(in reverse). Twenty - or even a hundred — of thest? may he 
so formed on one sheet tjf lead, and are deposited hy the vol- 
taic process with etpial or greater facility ; as, the more ex- 
tensive the apparatus, the more regularly and expeditiously 
does the operation proceed. — 'I'hose portions of the surface of 
the lead, wluire the moulds do not occur, may be varnished, 

* It may be necessary to note, that tlie voltaic mould will also 
require the 'iqjplication of the wax. 

+ A common copying-machine will serve tlie 'purpose, for a 
small medal, not having much relief. '• 

Should the medal he large, andtin bold relief, it would be belter 
to have a small portion of the lead cut out, or turned in a lathe, so 
that the medal might (to a certain extent) lit hilo the lead before 
l>eing pressed uj) ; this will prevent injury of the medal, and give 
a rim to the fac-slmile. 
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to noulralizo tlio voltaic action ; or, (a w5;olo slu't l of copper 
l)oin^ (li^po-sitc^dj, the voltaic medals iiiay^aftoi wards be cut 
out. 

A piece of V ire must no^w be soldered neatly to the back 
of the leaden plate ; it is then rcadytto be put in action. 

[This npplicj to the formation of one siile of a meilal only. It 
rccpiircs extremely careful manipulation to form both sides; aud as 
I think y/t^re may l)e better method than the one 1 have hitlierto 
ailopted^ I iliifer slut in it uiitir 1 have ubUiiiicd the result of Uii 
ex])enmeiit now in oi)eratlon.] 


A VOI/FAIC "JMCRKSSION FROM A rf.ARTKR OU CLAY MODKC. 

1'bis process is partially described in a preceding page in 
addition t(^ wliich 1 may stale, that wlnm the plasttu* or (‘lay 
orTiament is gilt w'itli gedd h^af, or bron/.ed, a copper wire 
should l)(^ attached to it. by running through from the back, 
until the point a[)pears al)ov(j tin* front suriace, — or level with 
it will be suilieient, I'he other end must tlnm be attached 
to the binding sert'w connecting it with the zinc, in all respects 
similar to any of the foregoing methods. 


• TO OUTAIN ANV NTMUKU OV COPIES KPOM AN’ ALHKADV 
KNcntAVEO COPPEK-PLATE. ^ 

A coppcir -plate nn^y be taken^ engraved in the common 
manner; — the fines being in hitag/io. Procure an C(jual- 
sSi'/tTd pie(.*e of sheet-lead ; lay it on the engraved side of the 
plaicf and put both under a re/v/ power ful ])ress ; when takini 
out, Uje lead will have every line, in relief, that luid been 
sunk in the (^op])cr. • 

A wood engraving may bo operated on in like manner ; 
— as lead, lunng press(3d into it, will not injure it. 

A wire may now lie soldered to the lead, then bed it in a 
,box; and put it into the voltaic apparatus,— when a eopixT 
plate, being an exact fac-simile of the original, will he forim.‘d. 

In this prdccss, care inijst be taken that the lead is clean 
and bright, as it coined from the roller in the milling-pr(icr*s.s, 
and conseipiently free from any oxidation, which it soon ac- 
quires, if expos(5d to the atinosphe»re. It should he put in 
action as soon as*possibl^j aftt'r being taken out of the j)n‘ss. 


^ Sec page 263 . 

VoL, IV? — No. 22, Jimvary^ 1840. 


r 
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‘ UKMARKS 

ON Tin: MA\AG1:MKNT 0J< Till- Al’PAKATl S.^ 

• 

Np\t to cloctro-iiiag]|;icji.siii, i« no l)rancli of science 

llint recjuires more clexlerous inani])ulation tluin voUaic, or 
(*lcclro-clu;inistry ; tlie most trifling Him v^f oxidation oMcn 
ret an ling ilie jut ion of the most powcrhil appn rains. I>iit, 
in ilic pv(‘S(mt. instance, slow aclipil, filuUilllplicit y ul^anange- 
inont, being the predominating featiiri^s, siu;h nice attention 
to minutin' is not absolutely necessary, — or at least not so 
much so as to deter those hitherto iinac([uainted wilti the 
subject Jrom pra(;ti.si«g. 

(n afl cases, to ensure metallic connexion, biifding-.scn‘ws 
are pr<‘forable to cups of mercury; but, in using tlnmi, Hie 
coj)])er wire, where the attacliment is made, must l>ebrighten(‘d 
with a ])ic(‘e of emery paper, — also tlie jioint of the sert'w, 
where it presses on the wire. In soklering tlie win's to tin’ 
plat<‘s, let as little resin Ix^ used as possible ; sjd ammoniac, 
or dihile muriatic acid, answers the purpose mucli bt^tler. 

In these exjieriment.s, 1 liave invariahly found an vtpnti 
piece of y/mc to answer l>e.st. In the construction of 
galvanic hatleries in general, I am aware, this is a moot point 
with high authority ; hut my own practicr', which has heen l>y 
no means small, with lyaitories of every constniction, has h'd 
mo to the oinnion that, wherever slow and equable action is re- 
(juirj'd, the positive and negative eh'droth'S shouhyH.^ of eejuai 
suprrfictal area. — Although amalgamated' zinc jilatt's jin' 
preferable where combined intensity anfll conlimiity of action 
are rejjuired, they must not he used, under any* cireum^tama's, 
for the present purposes. — Jt will, likewise, he found to Ix^ 
('ssenti^l that tln^ tkichtcfis of tlm zinc he equal to that td’ the 
rejjuired de])osition. ^ 

Lei tlie porous hotthm of the interior vessel, containing tlx* 
zinc, he a little larger tlian either of the electrodes. 1 have 
liilherto used, for this purpose, either bottomless glass cylin 
ders, or woojIgh boxes, varnislud, witli plaster Ixittoms ; Ixit 
I should recommend a well glazed eartheiiwiire vessel, having 
no bottom, dint a slight rim iirop'cting inwards, to secure tlx* 
plaster. The zinc should be oe(?iisioiially taken out of I lx; 
arrangement, dining continuance of the })rocess, and cleansed 
by washing it in water; the ?;alino solution may also he 
renewed. ^ 

c 

'l'lie>e ()i)servations are intended for tlx? gnidanee, in tlie tirsl 
instance, of those who are jiractically unacquainted with voUaic 
arrangements. 
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^^ryslals of sulphate of fopper slioulil hv aiUloil, from tinu^ to 
cupreous solution; hut, shouldtkecleposit ion reipiire 
to ho thick ^ind lon.i^-continucd, it will bo necessary to take 
out the cupreous solution «^nc(^ or twice during the operation, 
ancradd an entirely fresh one, — asMie sulphuric acicl, neces- 
sarily set free after the de-oxidisenient of the copper, wluni 
it prodomiijnles to any cxttmt, prevents the requinid action 
from talking place qji the copper ; instead of which, a suh or 
ili-oxurc of’ copper is (Jcposif?(l, in tlic form of a. reddish hrown 
powder — the solution being rendered colourless. When this 
lakes place, the plate should be taken out, »and well washed 
in very dilute nitric acid. I have tried several methods to 
<ak(' up t<ie sulphuric acid as it was set free; pure clay 
answc'vs this purpose pretty well, the acid combining to a 
certain extent with it, and forming a sulpbatc of alumina, 
or alum, at the liottom of the vessel.* 

•When the voltaic copper is Ixuil , it breaks at a similar 
angle to cast copper ; hut wlien heated to a red heat, and 
slowly cooled, it assumes somewhat of the pliability of rolled 
sheet cop{)Cr. requiring to he bent several times before break- 
ing ; should it now be beaten on an anvil, it will resume its 
brittleness. 

It may be filed, polished, and cut with shears, in the usual 
manner — the surface acquiring as fine a polish as the copper 
• in use among engravers. • 

Should a thick mass of metal be requisite for any practical 
purpose; *as it wouhl require a coiisidtu'able lapse of time 
belbi-e it could be oJ)tained by the vedtaie procciss,* the liack 
(»f lhe^d<‘positM metal may he thickened, or filled up wilh 
soMer, in a manner already practised in the arts, without the 
sligUtesl injury to the surface or texture of the d^epositc'J 
mrtal. 


To (l(‘posit iiietul eqiiAl to oiie-ciglilli of an iiicli ir» 
re(jiiirfs about right or ten days' continuous aclio]i : ihc siij>(u ii('i:il 
t-xtcnl ofllic deposition not hciiig nialcrial, as n^ifard-^ tin* duration 
oftlii^ process. 
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* NOTK. 

\\\) liave Ivtul Mr. Spencer’s paper with mncli pleasure and 
salisfaction ; and must certainly e>P|)re.ss our extnune surprise 
at our author’s extraordinary reception at the Ihrinin^ham 
Meetinfj of, the liriiish Association, /br the promotion of 
Seience. We have not the pleasure of knowing who Mr. 
S|)eiic#i^is, nor wlutt is liis» position in society: hut no one, 
who ri'ads the preceding paper^ can hesitate acknowledging 
that ho is a “ scientific man.” As for ourselv(*s, we have no 
hesitation in stating, that Mr. Spencer’s paper is, witliout 
exception,, the most interesting one, on voltaic electricity, 
that has hilln rto hcon pr(‘sente(i to the notice of the liritisli 
Association /hr the promotion of Science. hh)iT. 


ADDITIONAL INFORMATION FROM MR. SPENCRR. 
To the Editor of the Liverpool Mercury. 


Sir, 

In your last number yon expressed some doubts as to the 
correctness of „the account of my process, givim in the Alhe- 
na'um, and condensed from the account given in the pamphlet 
published by the Polytechnic Society. 1 have sinc(^ looked 
over it, and find nothing absolutely incorrect, yet -in the at- 
tempt to condense the details of the process, there is a tur- 
bidness which^matclially interferes wiih a proper understand- 
ing of»the whole, I shall now detail to you, as briefly as 
jKjssible, the method I would adopt to copy a w'ood engraving 
in cft[)per, — and as it wull apply to some other proccBses con- 
noctftd w'itli the subject, it wall, I trust, not be unacceptable 
to your rcachirs. * 

1 may premise that, but for the plasticity and perfectly 
unelastic property of lead, the discovery would be of but 
comparativ(jly small value. Plumliers who have handled the 
substance for the greater portion of their lives, are astonished 
to find it so susceptible of pressure; on the cohtrary, wood 
engravers aid not, untir now, imagine their blocks would 
staiubthe pressure of *a screw press on a lead surface without 
injury; but such is the fact*iii both instances. In the maniim- 
in which box w^god is used for wood engravings, lK.*ing hori- 
7ontal sections, it will s*listain a pressure of S()()()lb.s. without 
injury, provided the pressure is perfectly perpendicular. 

•The wood engraving being given, take a piece ol slu'c't 
lead th« requisite size ; det its superfice be about one-eighth 
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of an incli largor all round Ilian tlial of ihti wooden l)lock> 
'J'he lead niusl, now la* planed w ith a common plane, just as a. 
])ii^cc of soft wood: the tool termed by the jotiier the try 
plane does best ; — a cl^nr bright surface is thus obtained, 
siHih as I hav(^ been unalile to g(*t by any other means. The 
lenoraved xsurlace of th(i w'ood must now be laid on the planed 
surface of llie lead^ and both put carefully in the press ; should 
tin; cnyiavilig have moro than .two inches of supOiiicos, a 

copying* [uvss is not jiowerful enough. Wihatever press is list'd, 
the subj(H't to be copied must be cautiously laid in the centre 
of tin* pressure, cts a very slight lateral force, will in some de- 
gree injure the jirocess. The lead to he imjiressed^upon must 
rest on tho*iron plate of the press, as must the back part of 
tin; w'ood engraving; the pressure to be applied regularly, aijd 
not, as ill some cases with a jerk. \\ hen the pn'ssuKi is 
deemed complete, they may he taken out; and if, on ex- 
amination, the lead is not found to 1)0 completely up, ilie 
wood engraving may be lu'atlj rolaid on the load, aiul again 
submitted to the press, using the same precaution as before. 

When the lead is taken out a w ire should bo soldered to it 
and put into the apparatus without los.s of time, 
as tlie less it is sul»j<icted to the action of the atmosphere tlui 
belter; — care should also be taken not to touch the surfaiui 
w'itli the fing(n‘S. In the ])ampldet I slated tin*. l(‘ngth of 
lime usually taken to di^posit the required thierkness of nu'lal ; 
— I have keen since able to aliridgi^ that period three or four 
fold, as 1 keej) tin* .solutions at a tem})era{ ure of from 12l) to 
ISO Imrenlu'it. It lia.sSieen suggf'sled trf me, by Mr. ( 'ro.vse. 
of liroonifield, to keep the solutions boiling, which stSl fur- 
ther iiuTiuises the ra])i(lity of the deposition, (.’oiilrary to 
general vhemical analogy the dt»posited metal is of a Ouicli 
.supi'iior (jualily to tliat tbqiosited by the very slow actioM of a 
common lemperalure. 

At the sajiic time it must he liorne in mind, that if the pro- 
cess is quickened by strengtheniug the solution in the positive 
cell by the addition of an acid, tlie metal deposited in the 
opposite one is of a very inferior quality ; so much so as to be 
totally unfit Ibr any practical purpose. Under t^Jeso circum- 
stances the deoxidizing process is not completed, the deposit 
Ix'ing a reddisli Inowii protoxide of copper ; this last, if let 
remain for a few days longer, undergoes a still further change, 
it then Ix’coines a black oxide of copper, such as may be used 
for organic analysis; and, were I td pursue this branch of 
chemistry, I sliould never resort to any other method of 
obtaining it. 
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^’lio ahovo ]n*ocoss will apply to copyiirg cugravod coppov- 
platc's, nr nu'clallioiis. 

I liavo al.^) henii al>lo to obtain iinprossions from wood 
riigvavings by the followinx melliod. Take a piece of tinfoil 
the si'/e, or tlierealxnits, of the cn^rhving ; place it on the 
engraved siirfac(i; over this place a piece of sheet India rubber, 
and put the •whole in a press; on taking out of which it 
will be fiiuiid the tiii^is thoroughly impressed into the lines of 
the woo<l. A coatin^^ of pltlsler of I'iuis must now be laid 
on the tin to about half an inch in thickness ; when scit, the 
Avbole may be taken olf the wooden block. Jt will he 
foiuid that the tin adheres to the piaster, and leaves the fac<j 
of the engi^iving. 'I'he tin surface', may now be deposited on 
lo any iv<|uir(^d thieknesS. The above was tried on a coarse 
w()od migmving. lam unable to say how it might answer 
for a tine one. 

*1 liave hci n more than once reminded of the fusihle metal, 
that inelis at a temperalun' of hoiling water, but have had no 
o[)])iatunit\ of tryiiigit; it might be lipplieable for copying- 
wood (‘iigravings. 

I have y<'t another method which T am in hopes will still 
liirlln'i- improve the process, but as it is not matured I shall 
take a future oppoitimity of communieating it: l)eing a 
jnodification of the apparatus, it will rc(piire an engraving tii 
explain it. • 

Yours, &c., 

THOMAS SPENCd^db 


XN.\V!1. Oh thv H-sc of rolldiv Elvvtr'ivUif. In d Irth r 
tojhv Jivr, J, //. Jttdfi(\ Jij) Mu. Sri KCKON. 

• 

AVestmoreland (/ottagt', 

December *J, iSIll). 

My dear Sir, 

During our eonversat ion, this morning,* on the subject of 
taking fac simile impressions, in copper, of medallions, coins, 
&c., by the ])rocess of Y^>haisni, you will rcimmiher that the 
idea occurred to me gf giving them silver or goklen surfaces, 
hy a similar voltaic process^; employing a solution of either of 
those metals in connexion with the [nTparcd matrix, instead 
of a solution t/f coppej. Turning the subject over in my 
mind whilst walking home, a thought striu-k nu' that a roni- 
ph'fv medallion of any kind of metal mighi ea.>ily \n' made 
by the voltaic process; or the medallion might lx* constructed 
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of diffortMit metals and in a variety of ways, which it would 
he difficult to imitate by any other process. 

The following are some of tJie moihods: — 

Let a matrix of eac]i;<ideof thd medallion intended to he 
co])ied be made in tlu^ usual way, by means of the alloy 
usually (‘ailed Aefr/(jn\^ fns/h/r mvtol, and let the metal be 
about an eighth of an inch in thickness. To the back of this 
inetal is to be soldered one end of a copj)er wire, aiAbto the 
otluT end a piece of zinc, which is aijerwards to be amal- 
gamated. ^riie metal in which the matrix is formed is now 
to be covered with a thin .stratum of either varnish or wax, 
leaving barti tlnj matrix only. Hio wire is also to l)e covered 
in «a similar manner, and is to be bent so as to adapt the vol- 
taic metals to their respective positions in the vessels holding 
the li(}uids employed, {w a few hours the matrix will have 
re<!eived a coating of precipitated m(‘t:d from the solution, 
which may he either gold or silver: (he thickness of the 
coating will dej)end upon the time. When this coating is sig)- 
pos('d to be of sufficient thickiu'ss, remove the solution of 
the silver or tlie gold, as the case may be, and rt'placi^ it by a 
solution of tlu* sulphate of copper, and in the course of a few 
days you wdll have a considcral)le thickness of copper preci- 
pitat'd on the silver coaling in the matrix. I'hoso two metals 
will adhere firmly tot»*ether so as to ho one piece. When this 
young semi-medallion is removed from the matrix, it wdll 
liave a copper body with a silver or a gold face. Its twin 
sister may he formed by procee<ling in tin* eame way, with the 
matrix formed from lhe<j)pposite face of the original medallion, 
and w hen the process is complulcd the flat copper sidus may 
be soldered neatly together, so as to form a complete int'- 
dallion .'umilar to the original one. 

By a similar process a complete medallion may be formed 
liaviiig a gold surface *011 one side and a silver one on the 
other. 

Another beautiful variation maybe made by the following 
process. Imagim^ that wu* wanted a medallion whose promt- 
/tent [)arts should be of gold, and theriist silver. 'J’hc head 
of Nkw TONS'lbr instance, with its motto, to he of gold. Var- 
nish with wax every other part of the matrix, and put it in 
galvanic action in a solution of gold. Ih a few hours a golden 
head and motto will be formed. ‘ Now remove the gold solu- 
tion j and clean the matrix of its coaling of, wax. Now put 
the matrix in voltaic action in a soliition of silver, and the 
fa(;e of the new' medallion w ill be filled up with silver. If the 
body of the medallion is to be silver, the action may be cen- 
tinued for a few days; but if the body is to be of copper, pro- 
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(•<•(•(1 as 1)('lbre directed with a solulion of sulphate of copper. 
Similar priTcesses give infiuitc scope to the ingenious in vary- 
ing and oriuiiiuviting this class of voltaic productions. 

I am, my dear Sir, 

Youts'very truly, 

W. STlJilGEON. 

To thd Rev, Rendc. 


WWIII. ('ovfnhnlioiiR to Elect ncMn and Magnetism, 

Ri/ .losKiMi llKMtY, L.Ii.D., Professor of Aatnral Philo- 

Sophy, in the College of Ae/tc Jersey, Princeton * 

, On Electro- Dynamic Inducti07i, 

INTRODCCTIOX., 

f. Since my investigations in reference to the influence of 
a spiral conductor, in increasing the intensity of a galvanic 
ciirrcmt, were submitted to the Society, the valuable paper 
of J)r. Faraday, on the same sulycet, has been published, and 
also various modifications of the principle have been made by 
Sturgeon, Masson, J’age, and others, to increase the elfects. 
'J'lie spiral conductor has likewise been applied by Cav, 
Antinori to produce a spark by the action of a thernio-elec- 
Irical pile : and Mr, Watkins has succeeded in exhibiting all 
the phenomena of hydro -electricity by the same means. 
Although the principle has been much exteiukxl by the 
researclies of Dr. Fiyaday, yet I am happy to state that the 
results^obtaini^l by this distinguished philosopher arc not at 
variance with those given in my paper. 

2. #J now oftcr to the Society a new series of investigations 
in the same line, which I hope may also be considered of 
snllicient importance to merit a place^in the Transactions. 

3. The primary object of these investigations w’as to dis- 
(!Over, if possible, inductive actions in common electricity 
analogous to those found in galvanism. For this purpose a 
series of experiments was commenced in the l^pring of 

but I was at that time diverted, in part, from the immediate 
object of mjr research, by a new investigation of the pheno- 
mena known in common electricity by the name of the 
lateral discharge. Circun^tances prevented my doing any 
thing further, in the way of experiment, until April last, 
when most of the results which 1 now offer to the Society 
were obtained. The investigations arc not as complete, in 


* Coiuimiiiicated by the Author. 
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sevenil points, as. I could wish, but as my duties wil^ nok, 
permit me to resume the sidycct for some monili8 to come, 
I therefore present them as tlicy are; knowiiii^, from the in- 
terest excited by this branch of. science in every part of the 
world, that the errors* which may exist will soon be detected, 
and the truths be further developed. 

4. The experiments are given nearly in the order in which 
they were made ; and in general they are accompanied by the 
relleetions which led to the scwral steps of the investigation. 
4'he whole scries is divided, for convtfniencc of arrangement, 
into six sections, although the subject may be considered as 
consisting, principally, of two parts. "Jdie first relating to a 
new cxiiniiniitioii of the induction of galvanic Currents ; and 
the second to the discovery of analogous results in the dis- 
charge of ordinary electricity. 

5. The principal articles of apparatus used in the experi- 
ments, consist of a number of flat coils of copper riband, 
\\hi(!b will be designated by the names of coil No. 1, coil 
No. 2, tSic. : also of several coils of long wire; and these, to 
distinguish them from the ribands, will be called helix No. 1, 
helix No. 2, &c. 

(>. Coil No. 1 is formed of thirteen pounds of copper plate, 
one inch and a half wide and ninety-three feet long. It is 
well covered with two coatings of silk, and was generally 
used in the form represented in fig. 2, Plate VI., which is 
that of a flat spiral sixteen inches in diameter. It n as how- 
ever sometimes formed into a ring of larger diameter, as is 
shown in fig. 5. 

7 . Coil No. 2 is als^ formed of copper plate, as th^e same 
Avidth and thickness as coil No. 1. It is, however, only sixty 
feet long. Its form is shown at A, fig. 2. The openh^g at 
the ceirtre is suflieient to admit helix No. 1. Coilb No. 

4, 5, (), N:c, are. all jboiit sixty feet long, and of copper 
plate of the same thickness but of half the width of coil. 
No. 1. 

8. Helix No. 1 consists of sixteen hundred and sixty yards 
of copper wire,’ ,\-th of an inch in diameter. No. 2, of nine 
hundred and ninety yards : and No. 3, of three hundred and 
fifty yards, of the same wire. These helices ave shown in 
fig. il, and arc so adjusted in size as to fit into each other ; 
thus forming one long helix of three thousand yards : 
or, by using them separately, and in different combinations, 

1 

* The several paiagniplis arc* nuinhereil in succcssiun, from tin: 
lir.st to the last, after the mode udi>pted by Mr. Faraday, for 
veiiieiiee ol referenet*. 
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s?vcn^Iiclices of din’crciit loni(lhs. The wire is covered witli 
cotton thread, saturated with hecs* wax, and between each 
stratum of spirc^ a coatiiii^ of silk is interposed. 

9. Helix No. 4, is shown at; <7, fig. 5 ; it is formed of five 
hundred and forty-six yards of wir?;v,‘,,th (jf an inch in 
diameter, the several spires of which arc insulated by a coat- 
ing of cement.* ilelix No. 5 consists of filteen hundred 
yards ()f severed copper wire, , [, ,th of an inch in diameter, 
covered mill cotton, and is of the form of No. 4. 

10. Uosides these I was favoured with the loan of a large 
spool of copper wire, covered with cotton, ,\,th of an inch in 
diameter, and five miles long. It is wound on a small axis 
of iron, and •forms a solid cylinder of wife^ eighteen inches 
long, and thirteen in diameter. 

11. For determining the direction of induced currents, a 
magnet i/ing sjiiral was generally usfd, which consists of 
aboid thirty spires of copper wire*, in the form of a cylinder, 
and so small tas just to admit a sewing needle into tlie axis. 

l*J. Also asmrdi horse-shoe is frctjuenlly referred to, whieh 
is formed of a piece of soft iron, about three inches long, and 
Mbs of an inch thick ; each leg is surrounded with about 
five feet of copper bell wire. 'I'his length is so small, that 
only a current of electricity of considerable quantity can 
defelope the magnetism of the iron. The instrument is used 
for indicating the existence of such a current. , 

lil. The battery used in most of the experiments is shown 
ill fig. 2. It is formed of three concentric cylinders of cop- 
per, and two interposed cylinders of zinc. It is about eight 
inches tiigh, fitc inches in diameter, *and exposes about one 
siprure foot and three quarters of zinc surface, estimating both 
^ides•()f the metal. In some of the experiments a larger 
battery was used, weakly charged, but all the resuhs mcn- 
ti(»ned in the paper, except those with^ Cruicksliank trough, 
can be obtained with one or two batteries of the above size, 
particularly if excited by a strong solution. The maimer of 
interrupting the circuit of the conductor by means of a rasp, 
• />, is sliown ill the same figure. 

Section i. 

(Ujnditions which inJlnciM^e the induction of a Current 
^ on itself. 

14. The plienonienon of the spiral conductor is at present 
kpown by the name of the induetion of a current (ui itsell, to 
ilistingnish it fnini the induction of the secondary current. 
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discovered by Da\ Faraday. The two, however, belong l(j 
the same class, and experiments render it probable that the 
spark given by the long conductor is, from the natural elec- 
tricity of the metal, disturbed for an instant by the induction 
of the primary curreAt.** liefore proceeding to the otiier parts 
of these investigations, it is important to state the results of a 
number of preliminary experiments, made to lletcr mine more 
definitely the conditions which influence the action of tUc 
spiral conductor. * ^ 

15. When the electricity is of low intensity, as in the case 
of the thermo-electrical pile, or a large single battery weakly 

excited with dilutq add, the flat riband coll No. 1, ninety- 
three feet long, is found to give the most hriltiant dcllagra- 
tions, and the loudest snaps from a surface of mercury. The 
shocks, with this arrangement, are, however, very feeble, 
and can only be felt in the fingers or througli tlie tongue, 

16. 'J'he induced current in a short coil, which thus pro- 
duces deflagration, but not shocks, may, for distinction, be 
called one of quantity. 

17 . When the length of the coil is increased, the battery 
coni inning the same, the deflagrating power decreases, while 
the intensity of the shock continually increases. With five 
riband colls, making an aggregate length of three hundred 
feet, and the small battery, fig. 2, the deflagration is less 
than witli coil No. i, but the shocks are more intCiise. * 

18. There is, however, a limit to this increase of intensity 
of the shock, and this takes place when the increased 
resistance or diminisl^cd conduction oS llie lengthened coil 
begins to counteract the influence of the incrfti^jng Ungtji of 
the current. The following experiment illustrates this fact. 
A coil of copper wire, j\jth of an inch in diameter? was 
iiicrcas6d in length by successive additions of about thirty- 
two feet at a time. After the first two lengths, or sixty-four 
feet, the brilliancy of the spark began to decline, but the 
shocks constantly increased in intensity, until a length of five 
Jjundrod and seventy- five feet was obtained, when tlic shocks 
also began to decline. This was then the proper length to 
produce the, maximum effect with a single battery, and a 
wire of the above diameter. 

19. When the intensity of the electricity of the battery is 
increased, the action of the short riband coil decreases. 
With a Cruicksliank’s trough of sixty plates, four inches 
square, scarcely any peculiar effect I’aii he observed, when 
the coil forms a part of the circuit. If liowevcr the length of 
the coil he increased in proportion to the intensity of the 
current, then the inductive influence becomes apparent. 
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\Vlie 4 ^i the current, from ten plates of tlic above-mentioned 
trough, was passed through the wire of the large spool (10), 
the "in(luce*d shock was too severe to be taken through the 
body. Again, M'hen a small trough of twenty-live one-inch 
plates, which alone would gite but a^very feeble shock, was 
used with helix No. 1, an intense shock was received from 
the induction, j^ hen the contact was broken. Also a slight 
shock in this arrangement is given when the contact is formed, 
but it is^Tery feeble 4n comparison with the other. The 
spark, however, with the long wire and eompound battery is 
not as brilliant as with the single battery and the short 
riband coil. 

20. wilt'll, tlie shock is produced froni.a long wire, as in 
the last experiments, the size of the plates of the battery may 
be wry miicb reduced, without a corresponding reduction of 
the intensity of the sliock. . 'Fhis is slyjwn in an experiment 
wit]) the large spi>ol of wire (10). A very small compound 
battiu-y was formed of six pieces ()f copper bell wire, about 
one incli and a half long, and an ccjual lumd^er of pieces of 
zinc of the same size. When the current from this was 
passed through the five miles of the wire of the spool, the 
induced shock was given at once to twenty-six persons 
joining hands. This astonishing eflcct placed the action of 
a coil in a striking point of view. 

hi. With the same spool and the single battery used in the 
former experiments, no shock, or at most a ver/ feeble one, 
could be obtained. A current, however, was found to pass 
through the whole length, by its action on the galvanometer; 
blit it was not ^ufficH'iitly powerful to4nducc a current which 
coi*ld et)unt(wact the resistance of so long a wire. 

2*2. The induced current in these cxiieriments may be 
consfdered as one of considerable intensity^ and small quan- 
iity. • 

23. The form of the coil has considerable influence on the 
intensity of the action. In the experiments of Dr. luiraday, 
a long cylindrical coil of thick copper wire, inclosing a rod 
of soft iron, was used. This form protljuces the greatest 

• effect when magnetic reaction is employed ; but in the case 
of simple gj^lvanic induction, I have found the^form of the 
coils and helices represented in the figures most effectual. 
The several spires are* more nearly approximated, and there- 
fore they exert a greater ntutual influence. Jn some cases, 
as will be seen hereafter, the ring form, shown in lig. -b is 
most effectual. • 

24. In all cases the several spires of the coil should he 
wtll insulated, for although in magnetizing soft iron, and in 
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airivlo<;'()us ox peri men Is, the loiiehiiu^ of two spires ;s nrt 
attended witli any i^roat reduction of action ; yet in tlie ease 
of the induced current, as will he shown in tiic proi^ress of 
these investigations, a single coiitact of two* spires is some- 
times sufficient to neutralize th'e whole elTcct. 

25. It must he recollected that all tlie experiments with 
these coils and helices, unless otherwise mentioned, are made 
without tlie reaction of iron temporarily magnetized ; since' 
the introduction of this would, iu some eases, inWfere with 
the action, and render the results more complex. 


SKCTfON ir, 

(^onditlou.^ ivhick htjUieiice the production of Scrondunj 
Currcitts. 

2(). The secondary currents, as it is well known, Mere 
discovered in the induction of magnetism and elcetrieity, hy 
Dr. Faraday, in fait he was at that time urged to 

tlic exploration of new, and apparently richer veins of science, 
and left this branch to be traced by others. Since llu'n, 
however, attention has been almost exclusively directed to 
one part of the subject, namely, the induction from magne- 
tism, and the perfection of the magneto- electrical machine. 
And 1 know of no attempts, except my own, In review and 
extend thcTi^rt^^y electrical part of Dr. Faratlay's adinirahlo 
discovery. 

27 . The energetic action of the flat coil, in producing the 
induction of a current on itself, kul nfe to conclude that il. 
Mould also be the most proper means for the cxhibifLion and 
study of the phenomena of the secondary galvanic currents. 

28. J^^or this purpose coil No. 1 was arranged to receive 

the current from the small battery, and coil No. 2 plaV'cd on 
this, Mdtli a plate of ijflass interposed to insure perfect insula- 
tion ; as often as the circuit of No. 1 was interrupted, a 
powerful secondary current was induced in No. 2. 1"1 k‘ 

arrangement is the same as that exhibited in lig. 4, 'with 
the exception tljat in this the compound helix is represented 
as receiving the induction, instead of coil No. 2. 

29. When the ends of the second coil were rubbed 
together, a spark was produced at the opening. When the 
same ends were joined hy the ftiagncti/.ing spiral (ll), the 
inclosed needle became strongly magnetic Also when the 
secondary current was passed throifgh the uires of the iron 
horse-shoe (12), magnetism was developed; and when the 
ends of the second coil were attached to a small doeomposing 
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:^p primal us, of the Uiiul which accompanies the* mapuMo- 
i‘lcclncal inacirmc, a stream of ^as was jjivcii olT at cac'li pole, 
The shock, however, from tliis coil is very feeble, and can 
scacely he felt ftbove the fingers. 

•>0. 'J'his current has thePefore il^p .properties of one of 
modi;rate intensity, hut considerable (jiiantity. 

/> 1 . ('oil No,*l remaining as before, a longer coil, formed 

I) y uniting Nos. li, 4, and 5, was substituted for No. 2. VVitJ* 
this arrangement, the*spark jjrodiiccd wlien the ends were 
rubbed together, was Mk)t as brilliant as before ; llie magne- 
ii/ing power was mueh less ; decomposition was nearly the 
same, but the slioeks were more powerful, or, in otlier words, 

II) e illteiisitv# of tlie induced current was inerrased by an 
increase of the length of the coil, while the quantity was 
appitrently decreased. 

A compound helix, . formed by.iiniling Nos. I and 2, 
and* therefore containing two thousand six hundred and fifty 
yards of wire, was next placed on coil No. I. The weight 
oi this helix happened to be precisely the same as that of 
coil No. 2, and hence the different effects of the same (pian- 
tily of metal in the two forms of a long and short conductor, 
could be compared. With tliis arrangement the magneti/- 
ing effects, with the apparatus before mentioned, disappeared, 
'riic sparks were mueh smaller, and also the decompositions 
less, than with the short coil ; but tlie shock was jilmost too 
intense to be received with impunity, except Through tlie 
fingers of one liand. A circuit of fifty-six of the students 
of the senior class, received it at once from a single rupture 
of the battery current, as if from the*dischargc of a Leyden 
jai-^veaTily charged. The secondary current in this case was 
one of small quantity, but of great intensity. 

The following experiment is important in estaldislnng 
tlic fifet of a limit to the increase of the intensity of the 
shock, as well as the power of dccompT)sition, with a wire of 
a given diameter. Helix No. 5, which consists of wire only, 
, i th of an inch in diameter, was placed on coil No. 2, and 
its l(?ngth increased to about seven liuiuli^ed* yards. Witli 
this extent of wire, neither decomposition nor magnetism 
could be obtained, but sliocks were given of •ti peculiarly 
pungent nature 5 Thyy did not however produce niiicli 
muscular action. The wire of the helix was further increased 
to about fifteen hundred yatds; the shock was now found to 
be scarcely perceptible, in the lingers. 

34. As a counterpart: to the last experiment, coil No. I 
M as formed into a ring of sufficient internal diameter to admit 
the great spool of wire (II), and with the wJiolc length of 
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this (which, as has before been stated, is five miles) the 
was found so intense as to be felt at the shoulder, when 
passed only through the forefinger and tluiinh. Sparks and 
dccoinpositivon were also produced, and needles rendereil 
magnetic. The wire this spt)ol is 7\,th of an inch thick, 
and we therefore sec from this experiment, that by increasing 
the diameter of tlie wire, its length may , also bo much 
increased, with an increased eflect. 

35. The fact (33) that the piduccd current is 'diminished 
by a further increase of the wire, afUn* a certain length has 
been attained, is important in the construction of the mag- 
neto-electrical machine, since the same effect is produced in 
the induction of magnetism. J)r. Goddard of Philadelphia, 
to whom I am indebted for coil No. .5, found that when its 
whole length was wound on the iron of a temporary magnet, 
no shocks could he obtained. The wire of the mac'hine may 
therefore be of sucli a length, relative to its diameter, a;s to 
produce shocks, hut no decomposition ; and if the length he 
still further increased, the power of giving shocks may also 
become neutral ized. 

30. The inductive action of coil No. 1, in the foregoing 
experiments, is precisely the same as that of a temporary 
magnet in the case of the mugneto-clectrical machine. A 
short thick wire around the armature gives brilliant deflagra- 
tions, hut a long one produces shocks. This fact, I believe, 
was first discovered by my friend Mr. Saxton, and afterwards 
investigated by Sturgeon and licnz. 

37. Wc might, at first sight, conclude, from the perfect 
similarily of these clfccts, that the currents, which, according 
to the theory of Ampere, exist in the magnet, avc like th/)se 
in the short coil, of great cpiantity and feeble intensity ; but 
succectjiijg experiments will show that this is not necessarily 
the case. 

38. All the expcriifients given in this section have thus 
far been made with a battery of a single element. This con- 
dition was now changed, and a Cruickshank trough of sixty 
pairs substituted.^ When the current from this was passed 
through the ribaiul coil No. 1, no indication, or a very feeble 
one, was given of a secondary current in any oCthe coils or 
helices, arranged as in the preceding experiments. The 
length of the coil, in this case, was not commensurate with 
the intensity of the current fronrthe battery. Hut when the 
long helix No. 1, was placed instead of coil No. 1, a powerful 
inductive action was produced on each of the articles, as 
Jieforc. 
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* *). First, helices No. 2 and 3 were united into one, and 

jdaced wi4hin lielix No. I, which still conducted the battery 
current. VVi^h this disposition a secondary current was pro- 
duced, which ^ave intense i^hocks l)ut feeble decoinposilion, 
and no magnetism in the soft iron horseshoe. It was there- 
fore- one of intensity, and was induced by a battery current 
also of intensity. 

40. ln.*Jjead of the* helix used in the last experiment for 
receiving the induction, one* of the coils (No. 13) was now 
placed on helix No. ], the battery remaining as liefore. With 
this arraniijiMnent the induced current gave no shocks, hut it 
magnetized the small horseshoe ; and wl\en the ends of the 
coil were rifhhed togellier, produced bright sparks. Jt had 
therefore llie properties of a current of (piantity ; and it was 
produced by the induction of a current, from the battery, of 

intensity. * 

41 . Tlusexporlment was considered of so miicli importance, 
that it was varied and repeated many times, hut always with 
the same result; it therefore establish.es the fact that an 
h/trnsity current can induce one of <iuantity^ and, by the 
preceding (Experiments, the converse lias also been shown, 
that a qnuntity current can induce one of in tensity. 

42. 4'his fact appears to have an important bearing on the 
law of the inductive action, and would seem to favour the 
supposition that the lower coil, in the two experwnents with 
the long and short secondary conductors, exerted the same 
amount of inductive force, and that in one ease this was ex- 
pended (to use the Vuiguage of theory) in giving a great 
velocity^to a siifall cpiantity of the fluicl, and in the other in 

’ profiucing a 'slower motion in a larger current; hut in the 
two Closes, were it not for the increased resistance to conduc- 
tion in the longer wire, the (piantity multiplied by the velocity 
\vouId*!)e the same. This, however, as yet a hypothfesis, 
hut it enables us to conceive how intensity and cjuantity may 
both be produced from the same induction. 

43. l<>oin some of the foregoing exjjeriments we may 
conclude, that the cjuantity of electricity in motion in the 
lielix is rt'ally less than in the coil, of the same weight of 
metal ; hut this may possibly he owing simply to'thc greater 
resistance oflered by the longer wire. It would also apjicar, 
if the above reasoning he correct, that to produce the most 
energetic physiological effe(!ts, only a small (juantity of elec- 
tricity, moving with gre;\jt velocity, is necessary. 

44. In this and the preceding sc'ction, I have attempted to 
giv^ only the gcnieral eoiiditioiis which influence the galvanic; 
indiicticjrn To establish the law w(Jiild recjiiire a great num- 

Vof.. IV. — No. 22, January, 1840. 
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bcr of more refined experiments, mul the eonsidenitidn (d 
scveriil circumstances which would aiVect the result's, such as 
the conduction of the wires, the constajit slater.)!* the battery, 
the method of breaking the ciirnit with perfect ret^ularity, 
and also more perfect means than we now possess of measuring 
the amount of the inductive action ; all these circumstances 
render tlie problem very complex. 

„ <1 

SKCTION IJl.^ 

Oh. UiH IndticUon of Secondanf Currants at a dhtanco. 

45. In the experijnents given in the twopreceding Sections, 
the conductor which received the induction, was separated 
from that which transmitted the primary current by the thick- 
ness only of a pane of glass ; but the action from ‘this 
arrangement was so energetic, that 1 was naturally led to try 
the effect at a greater distance. 

46. For this purpose coil No. 1 was formed into a ring of 
about two feet in diameter, and helix No. 4 placed as is sliowii 
in fig. 5. When the helix was at the distance of about six- 
teen inches from the middle of the plane of the ring, shocks 
could he perceived through the tongue, and these rapidly 
increased in intensity as the helix was lowered, and when it 
reached the plane of the ring they were tpiitc severe. The 
effect, liow^i^ver, was still greater, when the helix was moved 
from the centre to the inner circumference, as at v : bui u hen 
it was placed .vithout the ring, in contact with the outer cir- 
cumference, at by the shocks were very slight ; and u heii 
placed within, but its axis at right angles to "hat of the ring, 
not the least effect could be observed. 

47 . With a little reflection, it will he evident that tliis 
arrangement is not the most favourable for exhibiting the 
indiftrtion at adistancx, since the side of the ring, for example, 
at c, tends to produce a current revolving in one direction in 
the near side of the helix, and another in an opposite direction 
in the farther side. The resulting cllcct is therefore only 
the difference of the tw^o, and in the position as shown in the 
figure ; this difference must be very small, since the opposite 
sides of the helix arc approximately at the same distance 
from c. But the difference of action on the two sides con- 
stantly increases as the lielix is brought near tlie side of tl)e 
ring, and becomes a maximum when tlic two are In the posi* 
tiou of internal contact. A helix of largtv diameter would 
therefore produce a greater effect. 

48. Coil No. 1 remaining as before, helix No. 1, which is 
nine inches in diameter, was substituted for the small helix 



JVol'. Iloiiry, oy/ 


2 \)\ 


K/i'i'f rifif If nnff jV/aii/irf ism, 

t»r iTie Just experiment, anti Avitli this tho efTcct at a tlistanee 
was nnieh* increased. When coil No. 2 was added to coil 
No. 1, and the^cMirrents from two small batteries sent throni;h 
these, shocks wt're distinctly* perceptible thrtm^h the tongue, 
when the distance of the pianes of the’ coils and the tlirec 
helices, united as one, was increased to thirty-six inches. 

49, "riie action at a distance was still further increased by 
coiliiiij^ tyt« lon‘i: wire t^f the lari^e spool into the form of a 
rinijf of four fet't in dijiineter, and placini^ parallel to this 
another rini(, formed of the four ribands of coils No. 1. 2, 
and 4. VVlien a current from a single Iiattery of thirty-five 
feet of zinc surface was passed through the rihand conductor, 
shotdvs through the tongue were felt when the rings were 
sepjiiMted to the distance of four feet. As the conductors 
w('re approximated, the shocks became more and more 
severe ; and when at the distance oF twelve inches, they 
couTd not he taken through the body. 

oO. It may be stated in this connexion, that the galvanic 
induction of magiK'tism in soft iron, in reference to distance, 
is also surprisingly great. A cylinder of soft iron, two inches 
in diameter and one foot, long, placed in the centx'c of the 
ring of copper riband, witli the battery above mentioned, 
becomes strongly magnetic. 

i5I. I may perhaps be excused for mentioning in this com- 
innnication that the induction at a distance iifford»thc means 
<»f exliihiting some of the most astonisliing experiments, in 
the line of pht/siffiie annmmlc^ to he found perhaps in the 
whole course of science. 1 will menlign one which is some- 
^ wluit coxinectjid*with the experiments to be described in the 
next section, and which exhibits the action in a striking 
mann#r. This consists in causing the induction to take place 
ihrongji the partition wall of two rooms. For this pur^xosc 
coil No. I is suspended against the waU in one room, while 
a person in the adjoining one receives the shock, by grasping 
the liandlcs of the helix, and approaching it to the spot op- 
posite to whicli the coil is suspended. The effect is as if by 
iiiagic, witlioiit a visible cause. It is best produced through 
a door, or thin wooden partition. . 

52. The action at a distance alVords a simple method of 
graduating the intensity of the sliock in the case of its appli- 
cation to medical purposes. , The Indix may l)e suspended 
by a string passing over a pulley, and then gradually lowered 
down towards tlie*^ plane of the C()il, until the sliocks are ol 
Hu! reipiired intcnisitv. At the riMpirst of a nu'dical Iric'ud, 

I Ikwc lately adininisierod llu‘ induced current prc<*iscly in 
t his way,, in a. cast' p.ii*;dy>is of a part of tiu* nerves ot tiu* 
face. 

\ 2 
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53. 1 may also mention that the energetic action op Hk 
spiral conductors ena!)lcs us to imitate, in a very strikinyj 
manner, the inductive opcratioii of the ma^^iieto-elect deal 
machine, by means of an unuiterriipted galvanic current. 
For this purpose it is (tnly necessary to arrange two coils to 
represent the two poles of a horse-shoe magnet, and to cause 
two helices to revolve past them in a parallel plane. While 
a constant current is passing through each coil, ip opposite 
directions, the effect of the rotation of the helices is'precisely 
the same as that of the revolving ardaturc in the machine. 

54. A remarkable fact should here be noted in reference to 
helix No. 4, which is connected with a subsecpient part of 
the investigation. ' This helix is formed of copper wire, the 
spires of which are insulated by a coating of cement instead 
of thread, as in the case of the others. After being iisial in 
the above experiment S', a small discharge from a Leyden jar 
was passed through it, and on applying it again to the coil, 1 
was much surprised to find that scarcely any signs of a 
secondary current could be obtained. 

55. The discharge had destroyed the Insulation in some 
part, hut this was not sufticicnt to prevent the inagncti/ing 
of a bar of iron introduced into the opening at the centre. 
The effect appeared to be confined to the inductive action. 
The same accident had before happened to another coil, of 
nearly the i^amc kind, it was therefore noted as one of some 
importance. An explanation was afterwards found in a 
peculiar action of the secondary current. 


SECTION IV. 

On the effects produced (nj interpOH 'nig different Sahstunv.es 
- hetu een the Conductors. 

50, Sir n. Davy^fonnd, in magnetizing needles by an 
electrical discharge, that the effect took place through inter- 
posed plates of all substances, conductors and non-con- 
ductors.^^" TJic experiment wliich I have given in paragraph 
51 would appear to indicate that the inductive action which 
produces the secondary current might also follow the same 
law. 

57- To test this Uic compound helix was placed about five 
inches above coil No. I, fig. and a plate of sheet iron, 
about ,‘uth of an inch thick, interposed. \Vith this arrange- 
ment no shocks could be obtained ; although, wlicn the plate 
was withdrawn, they were very intense. 

* Pliilosophiral Transart ions, 1R21. 
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• • 

• It was at first thought that this eficct might ho pecu- 

liar to the*iron, on account of its temporary mag.ietism ; but 
this idea was sliowii to he i‘rroiK*ous by substituting a plate 
i)f /inc of about the same si^e and tl^ickness. VVitli this the 
screening iiilluence was exhibited as'bCforc. 

09, Alter this a variety of substances was interposed in 
succession, nartu ly, copper, lead, mercury, acid, water, wood, 
gl i-s, Kcm; and it was found that all the perfect conduct<»rs, 
such as^the metals, [)rtKlnceif the screening inllu(mce ; hut 
non-coiidiictors, as glass, wood, ikc.^ appeared to have no 
(’iVeet whatever, 

()tb When the helix was separated fropi the coil by a dis- 
tancv' on 1> to the thickness of the plate, a slight sen- 

sation could ho perceived even when the zinc of ,'uth of an 
inch ill thickness w as inler[K)sed. Tliis clTect was increased 
hy increasing the c|iiaiitity of the bifttery current. If the 
thit^kness of the plate was diminished, the iiuhietioii through 
it became more intense, '^riuis a shci't of tinfoil interposed 
[M'oiliicc'd no pei\*epliii]i‘ infiuenee; also four sheets of the 
same were* attc»nde(l with the same result. A certain thick- 
ness of metal is therefore required to produce the screening 
etVcct, and tliis thickness depends on the quantity of the 
(‘urrent from tlu? battery. 

<)l. The idea occurred to me that the s(‘reouing might, in 
some way, kc connected with an instantaneous current hi the 
plate, similar to that in the induction by magnetic rotation, 
discovert'd by M. Arago. The ingenious variation of this 
principle by Messrs# liahbagc and llerschell, furnished me 
with a simple ifiethod of determining Ibis point. 

r)2. A circudar plate of lead was interposed, which caused 
llie uiductioii in tlic helix almost entirely to disapjiear. A 
slip of tlie metal was then cut out in the direction of A radius 
of the circle, as is shown in fig. 7- ^^ith the plate in this 
condition, no screening was produced ; the shocks were as 
intense as if the metal were not present. 

(KJ. This experiment however is not entirel^^ satisfactory, 
, since the action might have taken place tlnxnigh the opening 
of the lead ; to obviate this objection, another plate was cut 
in the same •manner, and the two interposed with a glass 
plate between them, and so arranged that the opening in the 
one might be covered by the continuous part of the other. 
Still shocks were obtained with undiiuinished intensity. 

Gl. But the eJiistencc; of a current in the interposed con- 
ductor was rendered certain by attaching the inagiictizing 
spy*al by means of two wires to the edge of the opening in 
the circ^idar plate, as is shown in fig. H. By this ai rangi - 
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inent the latent current was drawn out, and its direction "on 
iained by the polarity of a needh? placed in tlie sjiiral at h. 

05 . This current was a secondary one, and its direction, 
in conformity with the discovery of Dr. Taraday, was found 
to he the same as that of the priinary current. 

Ofi. That the scrcenini*' Inllucnce is in some way produced 
by the neutralizinj^ action of the current thuK obtained, will 
be clear, from the followin'^ experiment. The plate of /inc 
before mentioned, which is nearly twice the diameter of the 
helix, instead of bein/^ placed hetwetn the conductors, was 
put on the top of the helix, and in this position, altliou^h tlie 
neutralization was not as perfect as before, yet ajj^reat reduc- 
tion was observed in tlie inlensity of the slioek.i 

07. But here a very intercstin!^ and pu/-zlini( {|nestion 
occurs. How does it happen that two current-s, both in' the 
same direction, can neutralize each oilier? J was at hr-t 
disposed to consider the phenomenon as a case of iv;d i lcc- 
trical interference, in whicli Ihc impulses siieeecd t'ach other 
by some regular interval. But if this were triu^ the elVec.t 
should depend on the length and other conditions of the cur - 
rent in the interposed conductor. I n ortler to investigate tins, 
several modifications of the experiments were instituted. 

(iH. First a flat coil (No. 3 ) was interposed instead of the 
plates. When the tw'o ends of this were separated, the 
sliocks were received as if the coil w ere not present ; hut 
wdioii the ends w^cre joined, so as to form a perfect metallic 
circuit, no shocks could he obtained, Hie neulrali/ation w ith 
the coil in this experiment was even more perfect than with 
the plate. 

C 9 . Again, coil No. 2 , in tlie form of a ring, was plticed not 
hetween the conductors, but around the helix. With this 
disposition of the apparatus, and the ends of tlie coil joined, 
the shocks were scarcely perceptible, hut wdicn the ends 
w’cre separated, the presence of tlie coil has no clfect. 

70. Also when helix No, I and 2 wane together submitted 
to the influence of coil No. I, the ends of the one being joined, 
the other gavfj no shock. 

71. 'J'hc experiments were further varied by placing lielix 
No. 2 witlnTi a hollow cylinder of sheet brass, mid ibis again 
within coil No. 2 in a manner similar to that shown in fig. b ‘5 
wdiicli is intended to illustrate another experiment. In this 
arrangement the neutralizing action was exliihited, as in the 
irase of the plate. 

72. A hollow cylinder of iron w’as next substituted for tlie 
one of lirass, and with tliis also no shocks einild he obtained. 

73. From these experiments it is evident lliat the neiitral- 
i/ation takes place with currents in tin' interposed or adjoin- 
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• nj!|b cojiductors of all lenerllis and inU'nsitios, and tliereforo 
aniujt, as it a])))ears to me, he refc?i red to the iiiterl’crcnee of 
wo systems of vihratitnis. 

71 . This [)a*rl of the invesli/^ation was, for a time, given up 
ilmost in despiiir, and it <l'as not^m^til new light hail been 
ohl.iiiied from anotlier part of the inquiry, that any further 
aihanei's e(»\ihl he ma<!e towards a solution of the mystery. 

70 . liefore proeeeiling to the next Section, I may here 
^tale tUiFlhe plu'iionfonnii mentioned, paragraph r>4, in refer- 
eiua* to hi'lix N'o 1, is*i-()niieetcd ith the neutralizing action, 
'rhe ( hclrical dis(?harge h.aving destroyed the insulation Mt 
soiiu’ point, a part of the spires would tlius form a shut cir- 
c.dt, and tl^^ induction in this woulil cotmteraci the action in 
the other part of the helix ; or, in other words, the helix 
wafi in the same condition as the two helices mentioned in 
paragraj)h when tin* ends of the v^irc of one were joined. 

71 >. Also the same ])rincit)Ie appears to have an important 
hearing on the improvement of tlu? niagneto-clectrical ma- 
chine ; since the plates of metal which soinelimcs forms the 
ends of the spool containing the wire, must necessarily 
diminisli the actioi'., and also from experiment of paragraph 
72 tlje armature itself may circulate a closed current which 
will interfere with the intensity of the induction in the sur- 
rounding wire. 1 am inclined to believe that the increased 
ellect observed by Sturgeon and liaclihoflner, when a bundle 
of wire is subsliluled for a solid piece of iron, is ift least in part 
due to tlic iuierruption of these currents. I hope to resume 
tliis part of the subject, in connexion with several other 
points, in ano|hcT Communication to.the Society. 

• 77* •results given in this Section may, at first sight, 
be thought at variance %vith the statements of Sir H. Uavy, 
tliaC needles could be magnetized by an electrical ijischarge 
witlr conductors interposed. Hut from his method of per- 
forming the experiment, it is evident*that the plate of metal 
was placed between a straight conductor and the needle. The 
arrangement was therefore similar to the interrupted circuit 
in the expcriineiit with the cut j)late ((52), which produces no 
Screening elTect. Had the plate been curved into the form 
of a liolloyr cylinder, with the two ends in ccuitact, and the 
needle placed within this, the elTect would have been other- 
wise. 

sflCTION V. 

On the ProdiFctdon ar^d Properties of indnred, Cnrrents of 
the Thirdy Fourth, and Fifth order, 

* 7H. Tlie fiiet of the perfect neutralization of tije primary 
current by a secondary, in the interposed conductor, led iiic 
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to conclude that if the hitter could be drawn out, or separa^xul 
from the innuence of the former, it would itself be capable 
of producing a new induced current in a third conductor. 

75). The arrangement exhibited in fig. 9, furnishes a ready 
means of testing this, ^fhe primary current, as usual, is 
jiassed through coil No. 1, while coil No. 2, is placed over 
this to receive the induction, with its ends joined to those of 
coil No. 3. J}y this disposition the secondary current passes 
through No. 3; and since this is at a distance, and 'williout 
the influence of the primary, its separate induction will be 
rendered manifest by the effects on helix No. I. When the 
handles </, /v, arc grasped a powerful sliock is received, proving 
the induction of a tertiary current. 

HO. Uy a similar but more extended arrangement, as shown 
in fig. 10, shocks were receivTd from currents of a fourth and 
fifth order ; and with a iinore powerful primary current, and 
additional coils, a still greater number of successive induc- 
tions might be obtained. 

HI. The induction of currents of difleivnt orders, of sufli- 
ciont intensity to give shocks, could scarcely have been anti- 
cipated from our previous knowledge of the subject. The 
secondary current consists, as it were, of a single wave of 
the natural electricity of the wire, disturbed but for an in- 
stant by the induction of the primary ; yet this has the power 
of inducing another current, but little biferior in energy to 
itself, and thus produces elfeets apparently much greater in 
proportion to the quantity of electricity in motion than the 
primary current. 

82. Some difference may he conceived to exist in the 
aciioii of the induced currents, and that from the batterj, 
since they are apparently different in nature; the one con- 
sisting, afi we may suppose, of a single impulse, and the other 
of a succession of such impulses, or a continuous action. It 
was therefore important to investigate the properties of these 
currents, and to compare the results with those before ob- 
tained. 

H3. First, iirreferenec to the intensity, it was found that 
with the small battery a shock could be given from the cur- 
rent of the thwd order to twenty-five persons joining hands ; 
also shocks perci^ptible in the arms were obtained from a 
current of the fifth order. 

HI. The action at a distance Wtls also much greater than 
could have been anticipated. In one experiment shocks from 
the tertiary current were distinctly felt through the tongue, 
wdien helix No. 1, was at the distance of eighteen inches above 
the coil transmitting the secondary current. 
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• 'flic same screening effects were produced by the in- 
terposilioikof plates of metal between the conductors of tlie 
different ordersi, us those wJiich have been described in refer- 
ence to the primary and secopdary ciwrents. 

8G. Also when the long helix is placed over a secondary 
current generated in a short coil, and which is therefore, as 
\V(! have before*sbown, one of quantity, a tertiary current of 
intensity 44 produced. 

87 . A^ain, when th*e intensity current of the last experi- 
ment is passed through* a second helix, and another coil is 
plae(‘d over this, a ipiantity current is again produced. There- 
fore in the case of these currents, as in tljat of the primary, 
a qmmlity cttrrcnl can be induced from one of intensity^ and 
the converse. By the arrangement of the apparatus as shown 
in lig. 10, these different, rcsidts are exhibit(.*d at once. The 
induction from coil -No. 3, to helix No.*l, produces an inten- 
sity* current, and from the helix No. 2 and 4, a quantity 
current. 

88. If the ends of coil No. 2, as in the arrangement of fig. 
9, he united to helix No. I, instead of coil No. 3, no shucks 
can be obtained ; the quantity current of coil No. 2, appears 
not to be of sufficient intensity to pass through the wire of 
the long helix. 

89. Also, no shocks can be obtained from the handles 
attached to helix No. 2, in the arrangement exhibited in fig. 
I ] . In this case the (juautity of electricity in the current 
from the helix appears to be too small to produce any effect, 
unless its power is nyiltiplied by passing it through a con- 
ductor of many«pires. 

* IX). lire n&xt inquiry was in reference to the direction of 
these, currents, and this appeared important in connexion 
with the nature of the action. The experiments bf Dr. 
Faraday would render it probable, that,ut the beginning and 
ending of the secondary current, its induction on an adjacent 
wire is in contrary directions, as is shown to be the case in 
the primary current. But the whole action of a secondary 
^current is so instantaneous, that the inductive* effects at the 
beginning and ending cannot be distinguished from each 
other, and We can only observe a single impulse, which, 
however, may be considered as the difference of two impulses 
in opposite directions. 

9l. The first experiment* happened to be made with a 
current of the futirth order. The magnetizing spiral (11) 
was attached to the ends of coil No. 4, fig. 10, and by the 
polgrity of the needle it was found that this current was in 
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the same direction with the secondary and primary curn if^s. •• 
By a too hasty generalization, 1 was letl to <:onejiide, Iroin 
this experiment, that the currents of all orders are in the 
same direction as that of the battery currL’nt, and I was the 
more contirmed in thi/ from the ivs\dts of my (irst experi- 
ments on the currents of ordinary electricity. The conclusion, 
however, caused mo inucli useless labour tiiid9erplexity, and 
was afterwards proved to he erroneous. 

92. J5y a careful repetitiofi of tlU? last experhnent, in 
reference to each current, the imporllmt fact was discovered, 
\\\vA.i here exists an fdternation in the direct ion of the currents 
of the several orders^ commencing; with the secondari/, 'rhis 
result was so extraordinary, that it was thonglit necessary 
to esiahlish it by a variety of experiments. For this purpose 
the diiTction was determined by decomposition, and alsr) by 
the galvanometer, bu?. the result was still the same; and at 
this stage of the inquiry f was compelled to the conclusion 
that the directions of the several currents were as follows : 


Primary current, -f- 

Secondary current, 4“ 

Current of tlie third order, ... — 

Current of the fourth order, . . . + 

Current of the fifth order, ... — 


93. In the first glance at the above tabic, wc are struck 
with the fact that the law of alternation is complete, except 
between the primary and secondary currents, and it appeared 
that this exception might possibly he connected with the 
induced current which takes place in the first roil itself, and 
which gives rise to the phenomena of the spiral cc/idnctor. ^ 
If this should be found to be 7niw(s, we might consider it as 
existing between the primary and secondary, and the airomaly 
would thus disappear. Arrangements were therefore made 
to fully satisfy myself on this point. For this purpose the 
decomposition of dilute acid and the use of the galvanometer 
were resorted to, by placing the apparatus between the ends 
of a cross wire attached to the extremities of the coil, as in 
the arrangemenl described by Dr. Faraday (ninth series) ; 
but all the results persisted in giving a direction to this cur- 
rent the same as stated by Dr. Faraday, namely, that of the 

* It should ho recollected that all the iiKluctions which have been 
mentioned were produced at the moment of hroakiiig the circuit of 
the battery current. The induction at'tlie rorination of the current 
is too feeble to produce the elfects described. 
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♦ pAiKiry current, I was therefore obliged to abandon Ibc 
suiipositiijn ibat the anomaly hi the cliange of the current is 
connected with the induction of the battery current on itself.* 

91. Whatever may be the nature or causes of these changos 
in the direction, they olltn- a rei^ly. explanation of the 
neutrali/ing action of the plate interposed between two con- 
ductors, silicic a secondary current is induced in the plate ; 
and although the action of tliis, as has been sliown, is in the 
sauK^ dtrection as tliC curren4 from the battery, yet it tends 
to induce a current in^tlie adjacent conducting matter of a 
contrary direction. The same expltuiation is also applicable 
to all the other cast's of neutralization, even to those wliieli 
take place between the conductors of the several orders of 
curri’iits. 

95. 'I'hc same principle explains some effects noted in 
reference to the induction of a currmit on itself. If a flat 
coil be connected with the battery, of course sparks will be 
|)roduced by the induction, at each rupture of the circuit. 
Hut if ill this condition another flat coil, with its ends joined, 
be [ilaccd on the first coil, the intensity of the shock is much 
diminished, and when the several spires of the two coils arc 
mulually intcrpijsed by winding the two ribands together 
into one coil, the sparks entirely disappear in the coil trans- 
nytting the battery current, when the ends of the other are 
joined. To understand this, it is only neccssar;^^ to mention 
that the induced current in the first coil is a true secondary 
current, and it is therefore neutralized by the action of the 
secondary in the adjoining conductor ; since this tends to 
produce a curr^^nt in the opposite direction. 

•(Hi, It would also appear from the perfect neutralization 
which eri-iies in the arrangement of the last paragraph, that 
tlie induced current in the adjoining conductor ds more 
powerful than that of the first conductor ; and we can easily 
see how’ tiiis may be. The two ends*of tlie second coil are 
joined, and it thus forms a perfect metallic circuit; while the 
circuit of the other coil may be considered as partially 
interrupted, since to render the spark visible the electricity 
must he projected, as it were, througli a small distance of 
air. • • 

97 . We would also infer that two contiguous secondary 
currents produced by the same iuduclioii, would partially 
counteract each other. Moving in the same direction, tJicy 
would each tend to induce a current in the other of an 
opposite direction, lids is illustrated by the following 
cxjicrimtMit : helix No. 1 and 2 were placed together, but not 

* Oui* tli<‘ory, as given in, \\>1. I. of these Annals, ihlly explains 
ilii‘ vvliol(' plicDonuina . Kdit. 
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united, above coil No. I, so that they each might receive^thc' 
induction ; the larger was then gradually removed to a 
greater distance from the coil, until the intensify of the shock 
from each was about tly'. same,. Wlien the ends of the two 
were united, so that the sliock would pass through the body 
from the two together, the elTect was apparently less ihaii 
with one helix alone. 'Hie result, however, was not as satis- 
factory as in the ease of ilie other experiments ; a "liglit tlif- 
ference in the intensity of two shocks could not be appre- 
ciated with perfect certainty. 

SECTION VI. 

n 

The, production of bid need Cunrnts of the di/fetrut Orders 
from ordhuvnj Elect rich ip 

98. Dr. Faraday, in the ninth scries of his researches, remarks 

that “ the ellect produced at the comnicncemeiit ami the emd 
of a current (which are separated by an interval of time when 
that current is supplied from a voltaic apparatus) must occur 
at the same moment when a common electrical discliarge is 
]>assed through a long wire. VVliother if it ha[)pen accurately 
at the same moment they would entirely nentralize each 
other, or whether they would not still give some definite 
jieculiarity to the discharge, is a matter remaining to be 
examined, 

99. 'I'he discovery of the fact that the secondary current, 
which exists but for a moment, could induce another current 
of eonsiderable energy, gave some iivlication that similar 
^'iFects might he produced by a discharge of ordinary elec- 
tricity, provided a sufficiently perfect insulation could ' be 
obtained. 

100. *To test this a hollow glass cylinder, fig. 12, of about 
six inches in diamete*v, was prepared witli a narrow riband 
of tinfoil, about thirty feet long, pasted spirally around the 
outside, and a similar riband of the same length, pasted on 
the inside ; so that the corresponding spires of the two were 
directly opposite* each other. 'J'he ends of the inner spiral 
passed out of the cylinder through a glass tube, to prevent 
all direct communication between the two. When the ends 
of the inner riband were joined by the magnetizing spiral 
(11), containing a needle, and a discharge from a half gallon 
jar sent through the outer riband, the needle was strongly 
magnetized in such a manner as to indicate*'fl;i induced cur- 
rent through the inner riband in the same direction as that 
of the current of the jar, 1'his experiment was repea^ cd 
many times, and always with the same result. 
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• . When the ends of one of the ribaiul» were placed very 

nearly in contact, a small spark was perceived at the open- 
ing, the moment the discharge took place through the other 
riband. 

102. When the cuds of tI*o same Riband w’cre separated to 
a considerable distance, a larger spark than the last could 
be drawn from each end by pi‘escnting a ball or the knuckle. 

103. ^Iso if the ends of the outer riband were united, so 
afe to foftii a perfect ntetallic mreuit, a spark could be drawn 
from any point of thff same, when a discharge was sent 
through the inner riband. 

104. The sparks in the two Last experiments arc evidently 
due to the action known in (U'dinary elet^rieity by the name 
of the lateral discharge. 'Po render this clear, it is perhaps 
negtssary to recall the well known fact, that when the knob 
of a jar is electrified positively, and the outer coating in 
cownexion with the earth, then the jar contains a small ex- 
cess of positive electricity bc\'ond what is necessary to per- 
fectly neutralize the negative surface. If the knob be put in 
communication with the earth, the extra quantity, or the 
free electricity, as it is sometimes called, will be on the ne- 
gative side. When the discharge took place in the above 
exj)criincnts, the inner riband became for an instant charged 
wjth this free electricity, and consequently threw off from 
the outer riband, by ordinary induction, the sparks described. 
It therefore became a question of importance to determine, 
whether the induced current described in paragraph l(K) was 
not .also a result of the lateral discharge, instead of being a 
true case of a ipconclary current analcjgous to those produced 
fr*m galvanism. For this purpose the jar was charged, first 
with the outer coating in connexion with the earth, and again 
with'thc knob in connexion with the same, so that the extra 
quantity might be in the one cascjjlus and in the other nihius', 
hut the direction of the induced current was not affected by 
these changes ; it was always the same, namely, from the 
positive to the negative side of the jar. 

105. When, lunvever, the quantity of fuec •electricity was 
increased, by connecting the knob of the jar with a globe 
about a foot*in diameter, the intensity of magnetism appeared 
to be somewhat diminished, if the extra quantity was on the 
negative side j and this might be expected, since the free 
electricity, in its escape tonhe earth through the ribami, in 
this case would*tend to induce a feeble cunent in the oppo- 
site direction to that oPthe jar. 

1^- The spark from an insulated conductor may be con- 
sidered as consisting almost entirely of this free or extra 
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electricity, and it was found that Oils was also capable' of 
producinjy an induced current, precisely the same as that 
from the jar. In the experiment which i^ave this result, one 
end of tlie outer riband ^ f the cylinder (1(K)) was connected 
with the earth, and tile other caused to receive a spark from 
a conductor fourteen feet long, and nearly a foot in diameter. 
The direction of the induced current was the same as that of 
the spark from tlic conductor. *i , 

107 . From these experiments it appears evident that the 
discharge from the liCj^dcn jar possesses tl.e property of 
inducing a secondary current precisely the same as the gal- 
vanic ap})ai*atiis, and also that this induction is only so fur 
connected with the plienomenon of the lateral discharge as 
this latter partakes of the nature of an ordinary electrical 
current. 

108. Experiments v/ere next made in reference to the pro- 
duction of currents of the dillereiit orders hy ordinary elec- 
tricity, For this purpose a second cylinder was prepared 
with ribands of tinfoil, in a similar manner to the one before 
described. The two were then so connected that the 
secondary current from the first would circulate around the 
second. When a discharge was passed through the outer 
riband of the first cylinder, a tertiary current was induced in 
tlic inner riband of the second. 'J'his was rendered manifest 
by the magnetizing of a needle in a spiral joining the ends 
of the last mentioned riband. 

109. Also by the addition, in the sapie way, of a third 
cylinder, a current of Jhe fourth order was developed, 'J'lie 
same result was likewise obtained by using tho arrangement 
of the coils and helices sliown in fig. 10. For these expeW- 
iiicnts, however, the coils were furnished with a (lcul)lc 
coating of silk, and the contiguous conductors separated by 
a large plate of glass. • 

no. Screening effects precisely the same as those ex- 
hibited in the action of galvanism were produced by inter- 
posing a plate pf metal between the conductors of different 
orders, figs. 9 and 10. The precaution was taken to place 
the plate i)etwcen two frames of glass, in order to l)c assured 
that the effect was not due to a want of perfect ihLsulation. 

III. Also analogous results were found when the experi- 
ments were made with coils inlcy)osed instead of plates, as 
described in partagraph 08. When the ends of the interposed 
coils were scparale(l, nf> screening was observed, but when 
joined, the effect was produced. The existence of the 
iiiduci d ennent, in all these experiments, was determined 
hy th.e magnet ism of a iiecdle in a spiral atlachdl to one of 
the coils. 
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•^^12. Likewise slioeks were obtained from the secondary 
current by.aii arriint;<;nu‘nl shown in iii^. lli. Helices No. 2 
and No. 3 unit^'d are [nit within a <jjlass jar, and coil No. 2 is 
[daced around the same, \\hen lln^handles are grasped, a 
shock is felt at the inoinent of the tliscliarge, through tlie 
outer coil. The sliocks, however, were very different in 
intensity with* different discharges from the jar. Jn some 
cases no tjiock was rc'ceived, when again with a less charge, 
a severe ?)nc was obtained. Wi\t there irregularities find an 
explanation in a subsecpient part of the investigation. 

ll.'k In all these experiments, the results with ordinary 
and galvanic electricity arc similar, liut^at this stage of the 
investigatioif there appeared what at first was considered a 
remarkable difference in the action of the two. I allude to 
the (lireclion of the currents of the different orders. These, 
in the exjieriments until the glass* cylinders, insteatl of 
exhibiting the alternations of the galvanie eurrents (92), were 
all in the same direction as the discharge from the jar, or, in 
Ollier words, they were all plus, 

114. To discover, if possible, the cause of this difference, 
a scries of experiments was instituted; but the first fact 
developed, instead of affording any new light, seemed to 
render the obscurity more profound. When the directions 
of •the currents were taken in the arrangement of the coils 
(iig. 10) the discrepancy vanished. Allernutioii^ ivcre found 
the same as in the case of galvanism. This result was so 
extraordinary that the experiments were many times repeated, 
first with the glass ^'ylinders, and then with the coils; the 
results, howevcf, were always the same. The cylinders gave 
• cufronts all ib one direction; the coils in alternate directions. 

11^. After various hypotheses had been formed, and in 
succession disproved by experiment, the idea occurrefl to me 
that flic direction of the currents ijiight depend on the 
distance of the conductors, and this appeared to be the only 
difference existing in the arrangement of the experiments 
with the coils and the cylinders.* In the former the dis- 
.tance between the ribands was nearly on^ inch and a half, 
while in the latter it was only the thickness of the glass, or 
about ./oth (if an inch. 

11(>. In order to test this idea, two narrow slips of tinfoil, 
about twelve feet long, were stretched parallel to each other, 
and separated by thiu plates%:)f mica to the distance of about 

* This idea was not iiiiinediately adoptiMl, heeansc I hud pre- 
vioysly experimented on llie direction of the secondary current 
Ironi galvanisni, and found no cliaiige in reference to tlislaiiec. 
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r.‘oth of an incli. When a discharge from tlie half gallmi ja. 
was passed through one of these, an induced current in the 
same direction was obtained from the other. The ribands 
were then separated, bj plates of glass, to the distance of 
^ oth of an inch ; thc^ current was still in the same direction, 
or plm. When the distance was increased to about itli of 
an inch, no induced current could be obtained ; and when 
they were still further separated the current again appeared, 
but was now found to have a different direction^ "or to he 
minus. No other change was observed in the direction of 
the current ; the intensity of the induction decreased as the 
ribands were separated. 'Flic existence and direction of the 
current, in this experiment, were determined by the polarity 
of the needle in the spiral attached to the ends of one of the 
ribands. 

117 . The question at this time arose, wlietlier the direction 
of the current, as indicated by the polarity of tlie needle, 
was the true one, since the magnetizing spiral might itself, 
in some cases, induce an opposite current. To satisfy myself 
on this point a scries of charges, of various intensity and 
quantity, from a single spark of the hirge conductor to the 

full charge of nine jars, were passed through the small spiral, 
which had been used in all the experiments, but they all 
gave the same polarity. The interior of this spiral is so small, 
that the needle is throughout in contact with the wire. 

1 18. The fact of a change in the direction of the induced 
current by a change in the distance of the conductors, being 
thus established, a great number and variety of experiments 
were made to detenniae the other conditioiiii on which the 
change depends. These were sought for in a variation of 
the intensity and quantity of the primary discharge, in the 
length and thickness of the wire, and iri the form of the 
circuit. The results were, however, in many cases, anoma- 
lous, and are not sufficiently definite to be placed in detail 
before the Society. I hope to resume the investigation at 
another time, and will therefore at present briefly state only 
those general facts which appear well established. 

1 19. With a single half gallon jar, and the conductors se- 
parated to a*distance less than .r'^lh of an incli,*the induced 
current is always in the same direction as the primary. Hut 
when the conductors are gradually separated, there is always 
found a distance at which the Current Jjegins to change its 
direction. 'I'his distance depends certainly on the amount of 
the discharge, and probably on the*intcnsity ; and also on 
the length and thickness of the conductors. With a battery 
of eight half gallon jars, and parallel wires of about ten feet 
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* lonj^, tlic cliniif^c ill the direction did not take place at a less 
distance fhan from twelve lo fifteen inches, and with a still 
lari^er hatterj^and lonijer conductors, no change was found, 
although the induction was prodiiceflLat the distance of several 
feet. 

rJO. The facts given in the last paragraph, ndate to the 
inductive action of tlie primary current ; hut it appears fioiu 
the re^^itts detailed in paragraphs 1 U) and 11 1, that the 
currents of all the otiier orders also change the direction of 
tljo inductive influence with a change of the distance. In 
these cases however, the change always takes place at a very 
small distiiycc from the conducting wirc^; and in this respi'Ct 
the result is similar to the cfTect of a prinuiri/ currott from 
tln^ ditscharge of a small jar. 

121. The most important experi^iieiits, in reference lo 
distance, were made in the lecture room of my resju'cted 
friend, I3r. Hare, of Philadelphia, with tlie splendid electri- 
cal apparatus described in the Fifth volume (new series) of 
the Transactions of this Society. The l)attery consists of 
thirty-two jars, each of the capacity of a gallon. A thick 
copper wire of about ,'otb of an inch in diameter and eighty 
feet in length, vvas stretched across the lecture room, and its 
ends brought to the battery, so as to form a trapezium, tlu^ 
longer side of which was about thirty-five feet. Along this 
side a wire was stretched of the ordinary bell Size, and the 
extreme ends of this joined by a spiral, similar to the ar- 
rangement shown in fig. i4. The two wires were at first 
plaeecl within the distance of about a» inch, and afterwards 
^<*oiistaikly sv|ianited after each discharge of the whole batteiy 
through the thick wire. When u break was made in the se- 
cond*wiro at no magnetism was developed in a lu^edle in 
the spiral at ft, but when the circuit was complete, the nee- 
dle at c‘acli discharge indicated a current in the same direc- 
tion as that of the battery. When the distance of the two 
wires was increased to sixteen inches, and the ends of the 
second wire placed in two glasses of mcrciirj^^and a finger of 

• each hand plunged into the metal, a shock was received. 
4"hc direcliop of tlie current was still the same, 4jut the mag- 
net ism not as strong as at a less distance. 

122. The second wire was next arranged around tlie oIIhm-, 
so as to enclose it. The unagnetisin by this arrangement 
appeared stronger than with the last ; the direction of the 
current was still the saifie, and continued thus, until the two 
Avires were cat every point separated to the distance of twelve 
tee!., except in one place wliere they Averc ol)lig<‘cl to h<‘ 
crossed !il, the distance of seven feet, but here the wir<*s W4*r<‘ 

\ 01 .. I\ . — \o. 22, JaNttartf. 1S4’). ^ 
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niiuU* to form a rii^ht aniijle with oacli other, ami the elTecl. ctf ' 
tlie approximation was therefore (10) eonsidt red i\.^ iiolhini;'. 
The needle at this surprisiiii^ distance was t()Ie/':d)ly stroni(ly 
uras;neti/e(l, as was slioVn l)y the (pianlity of fdini^s whicii 
would adhere to it. The direction of the current was still 
the same as that of the haltery. The form of the room did 
not permit the two wires to he separated to a greater distance. 
The whole length of the eirenitjOf the interior ]arge'\yr<* was 
about eight V feet; tliat of the extcijjor one hundred and 
twenty. 'Ohe two were not In the same plane, and a part of 
the outer passed through a small adjoining room. 

'I'hc results (xhihited in this experiment arc siicli as 
cotdd scarcely have been anticipated by our previous know- 
ledge of the electrical discharge. They evince a reinarkidile 
inductive energy^ which has not before been distinetly recog- 
nized, but wideb must perform an important part in tiu’ 
discharge of electricity from the clouds. Some etfccts whicdi 
liave been observed during llumtier storms, appear to he dn<^ 
to an action of this kind. 

I2d. Since a discharge of ordinary elecrtricity produce's a 
secondary current in an adjoining wire, it should also produce 
an analagous elVect in its own wire ; and to this cause ma.y he 
now referred thc' pecidiar action of a long eonduct(»r. It. is 
well known that the spark from a very long w ire, although 
epiite short, is remarkably pungi'ut. 1 was so furlunate as 
to witness a very interesting exldbilion of this action during 
some experiments on atmospheric electricity made by a com- 
mittee of the Fraidvlin* Institute, in I8»H0. Two kites were 
attached one above the other, and raised with a sn.v.di ii;v>n 
wire in place of a string. On the occasion at wliich 1 was 
])reseiitf the wire was extended by the kites to the Icng-ch of 
about one iniie. The day was perfectly (dear, yet the sparks 
from the wire liad so n\1u’h jiiayc et ih' force (to use a convenii nt 
t'xpression of J)r. IJarc) that liflceii persons joining hands 
and standingon the ground, n’l cived the shock at once, when 
the first person of the series touehed tlie wire. A Leyden 
jar being gras])ed in the hand by the outer coating, and the 
knob presentKul to the wire, a severe shock was received, as 
if by a perforation of the glass, but which was found to be 
the result of the sudden and intense induction. 

12.0. These cifects were cvidcrilly not due to the accumu- 
lated intensity at the extremities of the wire„/)n the principles 
of ordinary electrical distribution, sifjcc the knuckle rcciuired 
to he brought within about a (puirter of an inch before the 
spark could l)e reetired. It was not alone the quantity, since 
the experiments oi Wilson prove tliat the same effect is not 
produced willi an Cfjual amount of electricity on the surface 
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•of a larjnfo conductor. It appears evidently ihcrcforc a ease 
of the iiuhictioji of an cdectrical ciirr(?iit on itself. 1'hc wire 
is charged wUh a considerable ejuantity of feeble clcctricit\^, 
which passes olf iti the form of a%f urrent along its whole 
length, and thus the induction takes place at the end of the 
discharge, as in tlic case of a long wire transmitting a current 
of galvanism.* 

k is well known that the discharge from an electrical 
battery possesses great divcilent powers ; that it entirely 
separates, in many instances, the particles of the body through 
wliicli it passes. * This force acts, in part, at least, in the 
ilireelion of the line of the discharge, .and appears to he 
analogous fo the repulsive action discovered by Ampere, in 
the, consecutive parts of the same galvanic current. To illus- 
trate this, paste on a piece of glass a narrow slip of tinfoil, 
cut it through at several points, and loosen the ends from 
the glass at tlie places so cut. Pass a discharge through the 
tinfoil from about nine half gallon jars ; the ends, at each 
separation, will be thrown np, and sometimes bent entirely 
buck, as if by the action of a strong repulsive force between 
them. This will he understood by a reference to fig. M ; the 
ends are shown bent l)ack at //, a, a. In the popular ex- 
periment of the pierced card, tlie bur on each side appears to 
l)(! due to an action of tlie same kinil.=^'- 

127 . It now appears pn)bablc, from the fiiPCts given in 
paragraphs 111) and J2(), that the table in paragraph 92 is 
r)nly an approximation to the truth, and that each current 
from galvanism, as well as from electiycity, first produces an 
induetii'c actioft in the direction of itself, and that the inverse 
inrtuence takes place at a little distance from the wire. 

128. test this the compound helix was placed on coil 
No. 1„ to receive the induction, and its ends joined to those 
of the outer riband of tinfoil of the gltiss cylinder, while the 
magnetizing spiral was attached to the ends of the inner 
riband. A feeble tertiary current w\as produced by tliis 
arrangement, which in two cases gave a polarity to the needle 

• indicating a direction the same as that of ’the primary cur- 
rent. In other cases the magnetism was either imperceptible 
or minus, IVlth an arrangement of tw’o coils of wires around 
two glass cylinders, one within the other, the same eiVeet, 
was produced. 'J'he inagiuitisin was less when the distanc(‘ 
of the two sets of spires \vas smaller, indicating, as it u ould 
• 

* We have witiu‘ss<Hl this fart many years sitiee in oiir strij)s ol 
{ov pr()iccli}iff jars; II. p. Sf). when tlu'se sirij>' 

are laid the top' of the -lining, niorti than an i:u li. lin y ari' 
'^oinelinies blown oH’, and nineli peiibraled, Mdit. 

^ 2 
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appear, an approximation to a position of neutrality. 
results are rather of a nejifalive kimi, yet they appear to indi- 
cate the same chan with distance in the case of, the galvanic 
currents, as in that of thp. dischaugc of ordinary electricity. 
The distance however at which the change takes place would 
seem to he less in the former than in the latter. 

121). "J'here is a perfect analogy between tnc inductive 
action f)f the primary current from the galvanic apparatus 
and of that from the larger clecfrical battery. Tlie point of 
change, in each, appears to be at a great distance. 

P3(). "J'lie nentrali/ing olVcct described in Section IV. may 
now be more definitely explained by saying that when a third 
conductor is acted on at the same time by a primary and 
secondary current (unless it be very near the second wire) it 
will fall into the region of the phis influence of the former, 
and into that of the minus influence of the latter; and hence 
no induction will be produced. 

131. This will be rendered perfectly clear by fig. A, in 

which a represents the con- 
duetor of the primary cur- 
rent, /> that of the secondary, 
and c the third conductor. 
The characters + -f* 
beginning at the middle <»f 
the first condnebn* and ex- 
tending downwards, repre- 
sent the, constant plus iii- 
flucncc'of the primary cur< 
rent, and thdso -f- 0^,- 
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8tc., beginning at tlie second conductor, indicate its inductive 
influence as changing with tlie distance. The lliird conductor, 
as is shown by the figure, falls in the jilns region of the 
primary current, and ki the minus regiim of the secondary, 
and hence the two actions neutndi/.e each other, and no appa- 
rent result is produced. 

132. Fig. B indicates the inetliod in which the neutralizing 

cft'cct is produced in the 
case of the secondary and 
tertiary currents. Tlie wire 
conducting the secondary 
^current is represented by A, 
that cofiducting the tertiary 
(I other wire, to 

receive the induction from 
these, by d. The direction 
of the influence, as* before, 
is indicated by ? 
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• &c., Jiiul the third wire is again seen to be in the ]}lm region 
of the one current, and in the minus of the other. If, however, 
il is placed JMifliciently near c, then ncutrali/ation will not 
take place, but the two currents ^ill conspire to produce in 
il an indiurtion in tlic same direction. ’ A similar effect would 
also be produced were the wire r, in fig. A, placed sufficiently 
n«*ar the conductor A. 

\Xi, Currents of tjic several orders were likewise produced 
from ifie excitation o^the magneto-electrical machine. The 
sam(‘ neutralizing effects were observed between these as in 
the* irase of the currents from the galvanic batteiy, and hence 
wi‘ may infer tliat also the same alternations take place in the 
direction olF the several currents. 

J.*?)- In conclusion, I may perhaps be allowed to state, 
that the facts here presented hav^ been deduced from a 
laborious scries of experiments, and are considered as form- 
ing some addition to our knowledge of electricity, indepen- 
dently of any theoretical considerations. 'I'hey appear to be 
intimately connected with various phenomena, which liavc! 
boon known for some years, but which have not been referred 

to any general law of action. Of this class are tiie discoveries 
of Savary, on the alternate magnetism of steel needles, placed 
at dilh'rent distances from the line of a discharge of ordinary 
etectricity,^^ and also the niagnetic, screening iiifiiience of all 
metals, discovered by Dr. Snow Harris, of Plymouth. f A 
comparative study of the phenomena observed by these dis- 
tinguished savemfsy and those given in this paper, would 
pnjbably lead to ifoine new and iiuportant developments, 
indeed^ever^^ [Tart of the subject of clcctro-dynamic indue - 
^tioii appears to open a field for discovery, which experimental 
indinstry cannot ffiil to cultivate with immediate success. 

NOTB. * 

On the evening of the meeting at which my investigations 
were presented to the Society, my friend. Dr. Bache of the 
fJirard College, gave an account of the* investigations of 
Professor Kttingshausen, of Vienna, in refeji-ence to the 
improveineift of the magneto-electric machine, some of the 
results of which he had witnessed at the University of Vienna 
about a year since. No pujdished account of these experi- 
ments has yet reached tliis coiintry, but it appears that 
Professor Ettingshauseii had been led to suspect the develop- 

Anilides de Chimic ct dc Physicpie, 1827. 

i PhiJosophical Transactions, 1831. 
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ment of a current in the metal of the keeper of the magneto- 
electric machine, which diminished the effect of the current 
in the coil about the keeper, and hence to separate the coil 
from the keeper by ^ ri/ig of \w)od of some thickness, and 
afterwards, to prevent' entirely the circulation of currents in 
the keeper, by dividing it into segments, and sej)arating them 
by a non-conducting material. I am not aware of the result 
of this last device, nor whether the mephauical difficulties in 
its execution were fully overcome, l^t gives me pleasure to 
learn that the improvements, which I have merely suggested 
as deductions from the principles of the inlerfereiiec of 
induced currents ( 7^>)5 should be in accordance with the 
experimental conclusions of the above named phflosophor. 


WXIX. On r/tght7iin<f (nwdnefora, and on crrtftin 
Pri?/cif)lrs in Elrnlrirnl Sciena^. ; /)ein <>’ an inn slignfion. 
of Mi\ Slnr!^P07i''s Jijpori/npn/al and Tliporvlicjd lir- 
sparcfips in Eire! riril jj . fnoWi.sIttnl hjf hint in flip .‘!n'n(ds 
of E/pr/ricitif,'' l*!J Snow Hahius, AV/., E.E.S, 

lo f/ip. hldttorfi <f ihe P/iHosnidilral and Jonrnnl. 

(ioiitlomen, 

In the Annals of h^dectriciiy for October last will Ix' found 
a memoir on Mariiui^ Lightning eondihctors. This memoir 
is addressed lo tln^ Ihilisb Assoeiatiou, and is considen'd by 
Mr. SluripMUi, the author of it, to merit in a high degree iiic"' 
(’Special consideration of all the learned scientific l)otlies in 
Juiropc and America. 

'Idic author endeavviurs to show, that a metallic rod whilst 
transmitting a charge of eleidriciiy, is always productive of 
powerful lateral explosions, not only on near l)odies, hut on 
l)odies at very great distances. This effect, he thinks, in 
the case of a lightning rod, is a very fearful cireimistarice. 

2. If tlii^ deduction he worth anything, it is altogether 
subversive of the use of sucli rods as a means \)f protection 
from lightning. I have thought it right, thendbre, to examine 
carefully the experinieiits and re^isoiiings, which liavo led the 
aiillior U) this conclusion ; and since the imjiiiry hears mate- 
rially on a (juestion of great public interest, and contains 
many new j)heno]neiia of electrical action, 1 hope it may 
not he considered unworthy a place in your very valuable 
.h.Kiriial. 
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AUhouoh Mr. Sturgeon has spoken in a sligiuing ^vay 
of nin aiid my (experiments, and has lahnured hard li> invah- 
daUi them, \ stiJl feed, that any personal eonsidt'iatiou is 
(‘omparalively of minor conserpienjcc. 1 will not, tlievtdon', 
lrouhl(‘ your rcadi rs on tlm* suhjeci? . 1 merely wish to have 
il understood, that lliis is not a reply to that large part of the 
miMuoir leveWed at mys(dC Imt is simply an investigation of 
t!u‘ autjior s “ Tiieoreticxil and ICxperinunital Ih^searelu's,” 
and of his claims l(/our coiriidence as a writer <m I'dectrical 
Scienc(i. • 

1. So long since as llie years 172S and 1729, Mr. Grey 
ohs(n’v<‘d (he jdumomoiia of eloelrieal conduction and in- 
sulation. • 

[n), 'I hus a nudallic l)all, .7, fg. 1 , I’liite V’^iJ. su|)|)or(('d on 
life '‘-^'issnui is said to 1)( insulated, and if elecirilied, will 
caust^ a spark in the opening la^lwefni the metallic' body IJ 
Old tlu‘ ball J, 

[h]. If we conni'ct (lie l)all .1 with any distant body c, liy 
nu'aus ot a nu'tallii; win' as in tig. 2, and (dectrityit as Ix'fore, 
the spark will still oc'cur in tlu^ ojicning at the distant body 
i\ llu' electiieity hcijig conducted by the intermediate wire. 

(c). Tlui dislafiC(^ al which this ellect may eiisiu', is v(n*y 
consichn ahle. Air. ( u c'y sii('C(M.‘ded in making it sensilile at 
distanc(' of 7r)j ieel.^ 

(//). 'rin^ ellect is more sc'iisihle when the l^iody B is con- 
nected with 1h(^ ground, which places it, by a law of eleclrhad 
action, in tlu.' most ravourahle stall', for receiving the spark. 

5. I am dcsiroiijf to call especial attention to tlu^se results, 
not w it list aiid’tfig tlieir elementary cilfiracler, because, as we 
5>hall Jiresently see, thi'y are really nothing more or less than 
th(^essen^*e of Mr. Sturgeon’s /mte rc.vw/v /?c.v, and w liicli lie 
claims to have considered by all the leaniod s<.n‘ielies of 
Mufopi' and America. 

(1. \\ lien we attein])!, to charge an "electrical jar, J. iig. o, 
it is oh.servalde, that as the charge accumulates on the iiiniu’ 
siirlixce, a (Hirrespoiiding quantity of electrieily is forced oil* 
from the outer, and without this double ellect takes place w e 
lail to accumulate a cliarge. 

(c). '^IVrender this evidimt, we have only fo place the jar 
on an insulator, as in lig. 3; w^c shall then lind. that fc»r e\ eiy 
spark wc send into the jar, a similar spark will leave' its out- 
side.. either Irom the coiAing directly, or from any distant 
hotly c coiiuocted with it as in tig, 4, 


PriestU'y's History of Electricity. 



312 Mr. Light fling Conductors, 

The outer coating J, therefore, and distant Ijody c, may be 
considered in their insulated state as being insuly^ted con- 
duclors under the conditions represented in lig. 2. 

(f) . Suppose the jar cjiarged, and that it remains insu- 
lated; then wc may discharge it, "either by one dense shock 
through the rod t, fig. 4, or gradually, in the reverse way of 
charging; viz. by continuing to draw sparks from the knob 
7//, and add them to the coating J : the circumstance how- 
ever of our Ixiing enabled to take a finite spark, front either 
side alternately, whilst the jar rests on* an insulator, is suffi- 
cient to show, that the accumulated electricity is never ex- 
actly balanced between the opposed coatings, so that there 
will always be an excess of either positive or negative electri- 
city over the neutralizing (piantities themselves, disposed on 
tlic coatings of the jar. 

(g) . \\ hen tberefore'^we discharge the jar, this excess of 
free electricity will speedily expand ilstOf over the outer sur- 
face J. the discharging rod the knob of the jar /w, or any 
other body, c, fig. 4, connected with it, wliich, as in the case, 
of the simply electrified conductor, J, fig. 2, will cause a spark 
to occur in (uther of those places. Tlu' inbuisity of this spark 
howevm* will depend on tiie. capacity of the jar. It is less with 
a large jar, and greater with a small one, the (pmiitity of elec- 
tricity discharged being the same. 

{/i), W lu'ii the jar has been discharged, tlie knob, the 
outer coating, and all the hollies connected with it, will be 
found in the same (‘b'clrical state. We may make this state 
eithi*r positive or negative, by taking a spark’ either from the 
knob or coating previously to discharging Iheyir. 

(/J. 4'liis small spark caused by the excess of •iree blectri 
city, may be obtained even though the jar be connected with 
tlie earth, provided we seize it before the oonduetors nave 
had tiitio to operate in carrying off' the residuary accumula- 
tion ; Professor \\ heat's! oiuj having shown by his unrivalled 
('xperimciits on electrical conduction, that some portion of 
time elapses in the passage of electricity through wires. 

13y bringing ii nv-*tallic hull, B, fig. 3 and 4, therefore in a 
free state, eitliei very near the discharging rod c c, fig. 3, the 
outer coating . 4 , or any body, c, fig. 4 , in connexion with it, 
previously to making the discharge, we seize as it were some 
of the residuary electricity before it has time to pass off, and 
hence it Ijecoines evident in this ^)articuW direction. I'he 
(‘ff'ect, however, will he necessarily greatest when the jar and 
its iipt)cudages are quite insulated. After this spark has taken 
])lace, the jar will be found again slightly charged, with what 
lias been called a residuary charge, so that the phenomenon 



313 


•Ml. Hv. nis, on htghtning CotiduclorS. 

Usrir is actually the same as that already observed in 
charging tlje jar originally (c). 

7. New thes^c simple experiments (g), (//), (;), are just the 
experimenl.s described ])y Mr.^Stnrge 4 )ii, in which he imagines 
that the small spark above descrihed^^is. produced hy a lateral 
action of the rod carrying off the discharge. He seems to 
consider it as a novel and important fait, and calls upon the 
jiiincipaJ scientific bodies in Europe and America,” and 
the ablest electriciafts the World can produce,” in order 
(hat it may be fully sif^d and explained. He takes great 
creilit for liaving placed this sub ject before them in a proper 
liglit,” and cannot account for the circunisJLaiico of my having 
oviu looked i>.* 

S. Jlul since it is clear that this supposed lateral explosion 
really rtisolves its(dl‘ into one or two simple facts {a) (/>), 
known to electricians for more than ti century since^ ‘‘the 
ablest eleetrielans the world can produ(‘e,” may, perhaps, he 
(li^ post'd to tliink such an occupation of their time unne- 
ct'ssary, and tht' several laxirned Societies in ICurope and 
America” may consiiler it would have been unite as well for 
Mr. Sturgeon’s credit, as a lecturer on natural philosophy, if 
he laid not troubled them on the occasion. 

[). 'J'he following is Mr. Sturgeoirs version of these expe- 
riments : 

J'his kind of lateral discharge, consists in the displace- 
ment of the electrit al fluid of bodies vicinal to a continuous 
conductor carrying the primitive discharge.” 

Jtxp.-It a T .e) deg jar, . I, fig 2, he discharged through a 
rod re, a spark iw ill appear at the opening o, between tin? 
•T.n.^allic body' li phued near the rod. 

I' xy. — If instead of discharging the jar through the rod r c, 
lig. 1, we discharge it by a common discharging rod*/, still 
the .spark will appear at o, as before. ^ 

“ 'J he cilect,” he says, is mueh increased by connecting 
the body 15 with the ground, and diminished to a certain ex- 
tent by connecting the outside of the jar with the ground.” I 
liave produced the spark, he says, betwc'on c c, and the 
body 15 when plact'd at .70 feet from the rZ/rcc/Mi sc barge. 

Hy this kind of lateral discharge,” he observes, a dense 
spark may be ])roduccd when the bodies B and cr, fig. 3. are 
half an inch apart. '1 hough the jar ho only of the capacity 
of a (juarl, chemical decoini^)sitions may be eflected hy it.” 

• 

* I moan to submit tlie suhsianoe of my Memoir to tin? cou- 
sicU ration of the principal scientific bodies in Europe and America, 
in order tjiat the subject may he fully sifted and explained by tln‘ 
abh st electricians the world can protluccv’ — .7////. of EIvvt,. p. lOl. 
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lO. Mr. Slurgoon does not stale precisely how Um'sc 
poriincnts were conducted, hut the nature of live inani[}ulu.- 
lions would have a material ctrect on the rc.^iilt. If for ('\- 
ainple a small jar of iv quart capacity were charging from a 
very powerful maclMiie, and tlie discii.arge [)roilue(!d at the 
time of charging, either by a spontaneous cxi)losi()ii hetween 
the halls, tiic^ lig. o, or by an insulated discharger, then, as 
is evident, not only would the outer coaling and /Is aijpend- 
ages hecomci charged with th^^ residuary electricity* j)roper lo 
the jar, l)ut also hy clectricily froth the prime coiidiK^lor, 
which w'ould assuredly pass over at the instant of the dis- 
cliarge. In Mr. ?5turgeoii’s accoLinl of his experiments this 
fallacious method would appear (o have heeif* resorhHl to. 
lie says, “ a spark is felt at every diseharge through the, cir- 
cuit represented in the figure, ” that is ?// r c, lig. 3. Now the 
eonlinued discharges '^mjilied in this slaieimmt, could only he 
produced by coulinuing to work the maehim^ in eonnexion 
with the jar. This circumslaiice alone would he sufficient to 
falsify the whole. 

21. The following experiments arc not unimportant as 
hearing on the presi iit (juestion. 

(/i). l.et a jar. J, fig. 3, be charged positively, removed 
from the machims and insulat(*d. — Under this coiidiiion dis- 
charge! it. M lien discharged, lot 11 h‘ eleclri(;al slate of the knob 
discharging eoimiictor cc, thi‘ ouli'r coaling d, or any dis- 
tant body cc, fig. 1, connected wiih it, he examimid ; tliey 
will all lie found in the same electrical state, which state will 
be ])rccisely that, exhibited hy the oii/er coating and kmol), 
Y hilst charging, and the small rcsiduaiy s|)€irk will he plus. 

(/j. (Jharge the jar as before; hut before V!is(!liargiifg ir, 
witlulraw the free eiectricity from the knob. I'he (‘l/'ctrical 
slate V)f th(‘ coating and appendages will he now changed, 
and the small residqary spark will be minus. 

(/y/). Immediately after the discharge, apply a metallic 
body H, fig. 3 and I, either lo the coating.), or any body 
eonneeted whh it. A rcsiduai y spark will bo thrown off. 

(//). Place a •metallic body P near the discharger, or ouU;r 
I’oaling, prrtdously to making the discharge; the spark will 
then ap]}ear to ensue at the time of the dischafge. 

(o) , Kxamir.e the jar after this residuary spark has hoeu 

taken from the outer coating, and it wdll b(! found again slightly 
charged as at first, ^ 

[p) . (diarge a jar, exposing ah(,uit two square feet of coat- 
ing, with a given (puintity of electricity, measured hy the unit 
jar //, fig. fh Let a conducting rod tc'rminating in a ball r, 
pioject from the outer coaling, and place near it t|ie electro- 
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t;c oi)0 K.* DiscJ>ai7?c the jar through the rod c c, as before 
aiul ohsevw the amount of divergence of t\\c electroscope. 
Double the cnpacity of Hic jar, and again accinuuhte mid 
(lischargv. the same (luanlity. ^ The divergence of the e/cefro- 
scope w\ll \)e very considerably decreased. Add a second 
and a third jar to the former, and the effect will be at last 
scarcely percet)tib\e: connect the jar with the ground, and 
with a gi\fcen quantity the spark will vanish altogether. 

(7). A(U!umnlcite a Viven quantity as before, and observe 
effect of the residuary charge on the electroscope. Let 
a (U)ul)Je, treble, &c., quantity be accumulated and discharged 
Ironi a double^ treble, &c., extent of surface ; that is to say, 
for a doul)le*(juaiitity employ two similar jars, and so on: the 
elleet will remain the stinic. 

(>•). d he c|uantily and surface remaining constant, let the 
discharge l)e (‘ffected by discharging circuits c c, fig 3, of 
dililnent dimensions from a large rod down to a fine wire 
whi<‘li the charge in passing can make red-liot, Oljsorve tlio 
eilect on the ('h'ctroscopc in each case: it will he found nearly 
tlie same, being rather less whore the tension in the dischar- 
ging win? is v(‘ry considerable. 

( v). Connect the jar with the ground, and place between 
the discharging conduetor c fig. 0, and a molaHi(‘ mass li, a 
siifall (puuitity of percussion powder, inclosed in thin paper, 
d’he j)owder w ill not be inllamed, even in the ca^k^. of tlu^ dis- 
charging conductor becoming red-hot: whereas in passing 
the sliglitest spark, it inllames directly. 

{f). Insulate a circular coiuluctiug ilisc, M, fig. 0, of four 
fc(^t ill ^lianiete?: it may bo nuuh; of wood covered with tin 
^ifTTl ; oppose to it a similar disc, N, conn(M.ted witli the ground. 
I^l.icifca coiulucting rod, c t\ on the lower plate, and near it a 
liu'taljic body, o; electrify the upper plate,?/?; ilense sparks 
will i'all on the rod, rr. but no effect is observable on the 
vicinal b(uly, o, even though percussion jiowcler be placed in 
tlu*- opening. 

12. These experiments arc conclusive of the nature of Mr. 

• Sturgeon’s experiments. 

Exp. (k), (/). — show, that the electricity of t\e spark varies 
with tliat of*the coalings. 

b^ixp. (w). — proves that the spark is readily obtained ///’/cr 
tlu^ discharge has taken place; it is not therefore any lateral 
explosion caused by (Ik; distftiarging rod. 

* d'lic electroscope 1 employed is <leseril)ed iu Ike 1 ran.sactioiis 
c>l‘ du! Ivoval Society for Eart % pag'i* ‘21 1. lor more luxii- 

rale meiy^iirt'jneiit we should employ llio ek'clromt tcr. p. ‘2l/). 
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l^xp. (o). — proves tliat the spark is merely a residual ac"- 
cinmilation. 

l^xp. (/;). (q ). — prove that the spark is of different dofriees 
of force, when the ele^-tricity i,s discharged i’rom a greaten* or 
less extent of surface, whilst douhh‘, treble, &,c., quantities, 
when discharged from double, treble, ^e., surlaces, give tlu^ 
same spark. Now as no one can doubt but that the effect of 
a double, cScc. quantity should be greal(‘r than a viiigle, ^:c. 
(piantity, it is again evident that the spark is not caused jjy 
any lateral cx|)io.sion from the disctiarging rod; it being a 
well-establi.shed law, that the same quantity has tln^ same 
lieating ellrrt on ,\viro«, whethrr dis(rh:»rgod from a 

surlfK^e or a small one, from thick glass or thiri: some litlh^ 
allowance being made for the greater number of rods, cVe., 
when the surface is inereased hy an additional miinher of jars.* 
The elfect tlierefore depending on the jar, Mr. Sturgeon liad 
a greater (chance with a small jar than with a large one. 

I'ixp. (?•).— “pi’oves that the degree of tension in the rod is 
not of any cons(‘quence. 

I’iXp. (.?). (0* —shows that no kind of lateral action arises 
during the passages of the (diarge. 

lo. Mr. Sturgeon confounds this residuary spark, with the 
hkirl of Stanhopii’s experiments on induction: he oI)serves, 
p. 17t), “Viscount Mahon studied this kind of lateral dis- 
charge very extensividy.” Hut any one who considers His 
J.ordship’s w'ork, will soon detect the fallacy of such a cou- 
clusioii. Lord Mahon shows, that when an electrical (charge 
is al)out to pass from a body M, fig 7, 'in the direction V L, 
the action upon a near body TN will displace ^soine of its elec- 
tricity; hence a spaik wdll take place at ]‘i behVeen that bnuy 
and another connected w ith the ground whenever the discharge 
lakes place from M, in conseciiKuice of the return of the dis- 
phu’cd electricity. This effect His Lordship termed the “ re- 
tuiniiig stroke.” Now to apply this to the ojicration of a 
ihuiuh'r cloud. Let M, fig. (i, represent a mass of cloud 
covering a portion of the earth’s surface N. Let cc he a dis- 
charging rod, and o some near ]>ody. 'I’lien hy Lord Stan- 
hope’s expcriViient the charged cloud M will displace from the 
surface N, and all the bodies on it as cc, o, &c. a portion of 
(heir natural electricity, which wull again return when the dis- 
charge has hoeii effected. The conditions of Lord Mahon’s 
experiment cannot obtain between the conductor cc and the 


* l^liiloNopliical Transactions for 1S3J. Hart If. p, 2‘i5,‘and 
I'aiiulay’s Researches. 
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o, sinre they ara both in the same forcotl state. It is 
very easy to percrtuve, that the electrical relations of two 
bodies o and oi between the iioards, is ditferenl from that 
betwetm a conductor J, fi.ij. l,*chargi«^ with electricity, and 
a body Bin its natural state; or that of a* conductor lig. (>, 
<‘arrying olF the displaced electricity of the lower plate N, aiul 
a body B. ncjutral. Besides, in Bord Mahon’s experimeni, 
hg. 7. the electricity of^the return spark is dillerent from tliat 
of the primitive charge in A1 ; whereas, in Mr. Sturgeon^s ex- 
periment, the s])ark is of the same kind. So little did llis 
J^ordship an<ici])ate any objection to the use of lightning ro<ls 
in ('onsiMjinmee of his ex[)erjments, that In? fleclares his con- 
viction of* their passive operation, and reproves those who 

ignprantly conclude/’ that they are of a dangerous nature. 

14. We have l)eeii lien^ discussing wliat the author calls a 
third kind of lateral diseharge; but he mentions i\ /irst and 
srcjtnd kind also. I’he first kind, he says, takes place at 
every interruption of a metallic circuit ; ” it tlisplaces loose 
bodies,” ^Scc. This is evidently the ellect of mechanical ex- 
pansivm, and is the very eflecl we avoid by nutans of a lightning 
rod. He alludes to Or. Vriesiley as authority on this point ; 
how unfortunate for his whole doctrine ! l^et us consider for 
a moment what Dr. J’riestley says: ‘‘ U'hat the cause of this 
disjATsion of l)odi<'s in the neighbourhood of electrical (;x- 
plosions is not theirbeinfr suddenljf charged with ehu:tric 7nnt- 
/c/‘, is, I think, (evident. 1 never observed the 
of these bodies toward the brass 7-ods, through which the c.c- 
plosion passed^ althou^jh I used several inethods which could 
not fail l(^show' iP. 1 even lound that the explosion of a bal- 
made ever so near a hrJiss rod, did not so much as disturb 
its eleolric fi lid; for when 1 had insulated the roil, aiul hung 
a pair i\f pith halls on the imd opposite to that near which tlie 
explosion passe.d, I found the halls Wf^re not in the least 
moved. t 

* This applies to Mr. Sturgeon’s Kxp. (9). — If B Jig. c, 3, were 
on till? same insulation willi the jar J and rod c, no spark amid occur 
at o, except by a ilivision of the charge, whatever i^inlity passed 
tlirongli c. Tlfis fact alone is cronclusive of the point in question, 
])rovirig clearly that the spark is not a lateral explosion. 

+ The reader will distingnish here between this experiment and 
Bord Mahon's. 4'he latlyr relate^, to the influence of a permanently 
cliargcd conductor on a body neutral; whereas Priestley’s applies 
to the action of wires carrying vanishing quantities ol'cdectricity, 
the very essence of M r. Sturgeon’s experfineut. Dr. Priestley would 
not Ifave told us, liad h<; brought his rod near ihe free sale of his 
battery, thut tlieii the pith ImlH were not moved. 
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We have seen how little support Mr. Sturgeon derived 
from Lord Mahon ; he obtains still less from Priestley, who, 
without any compromise, sweeps away hisi whole tlieory. 
Lord Stanhope and Dr^4h*iestl(;y, eminent amongst tlie phi- 
losophers of their day, will he tloubtless admitted to he as 
good authority as Mr. Sturgeon. 

15. The second kind of lateral discharge 'is, we are in- 
formed, “ a ra that ion of electric matter^from conductors carry- 
ing the [nimitive discharge.'’ *lt takes place, the author says, 
from edges, and tluit hence sharp edges of metal carrying a 
flasli of lightning would discharg(^ necessarily a great (jimnlity 
of tluid into neigldM:)uriiig l)odies.” No author is ])i\ .ssed into 
the service? on this occasion, and for the l)est possible reason, 
no accredited writer has ever treated of such a phenonumon 
as applying to a lightning rod. It is in fact a]>[)lieal)le only to 
charged conductors, rinis ragged or pointed rods attached 
to the prime (ionductorof the electricud machine exhibit hi nshes 
of light, whilst other similar bodies, within their inlluence, 
have the appearance of stars. The lights on steeples, and on 
the sail yard and masts of ships, mentioned by Pliny, are of 
this kind, h'raiiklin explained these phenomena, and showed 
that pointed bodies were favourable to the rapid dissipation of 
electrical aecunudations, and, as is well known, availed himsi’lf 
of the important fact in his application of the pointed light- 
ning rod. Mow Mr. Sturgeon has (‘ontrived to associate tliis 
effect with the effects of discharges of lightning through con- 
ductors it is difficult to say. It is certainly a v(M*y strange 
confusion of things. /Lhat the effect ii» quest ion lias nothing 
to do with a sharp or round edge, or angula]^'ilischa\*m^s, 
he shown by the loJlowing experimtuits : — 

(//). Dr. IMestley discharged a battery over a wire circuit 
perfectly straight, and also over the same circuit passed about 
pins so as to make sharp angles : — the result of the cliargi? on 
fusing a given length of wire was not inlluonced, wliich could 
hardly have been if the angular ])(ution had thrown off or 
discharged into tin' neighl)ouring pins, &c. any of lln^ charge, 
it being well known that the least diminution of quantity is 
fatal to a dqlicato experiment on the fusion of wire. 

(v). Discharge a given quantity of electricity ))y a continu- 
ous rod free of edges, through a wire passed through the hall 
of an air thermometer, and also by a similar rod with ragged 
edges, placed near other incta’ilic masses: the efroct on the 
wire remains unchanged.* 

* For a description of tins instrument, termed an (‘k'dro-ilier- 
monieter, see Transactions of the Hoyul Society for 1837^ [>. IS. 
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• It is not diHi(*ult to pcrcoivo tin! (listinclion of the two casos 
just iilliidcclWo. If Dr. I^rii'slley had instdated his wiro, and 
thou charged ii in IIk'- ordinary \\ay, brusln^s of lii^ht would 
douhtioss have oscapod from. t ho an^ilar portions ; whoroas 
tho wire whoii actinj^ as a discluir{?ing circuit can exhibit no 
sucli a])pi'arance. J'he (‘le(*tricity is then evanescent, and by 
a law of electncfil action det(;rmincd rapidly toward tlui ne^a- 
tivi^ surfact. Aiany facts niii»‘ht be adtluced conclusive of this 
point, buT it s('enis scaretdy worth while to dwell longer on 
it. ^ 

10. Tho groat end which the author proposes to himself in 
this memoir, is an exposition of the danger attendant on my 
method of fi^Ced liglitning conduclors for ships, successfully 

tried^in the British navy for upwards of ten years; — with a 
vicnv to a suhstitution of an untried method of his own. It 
may he worth whib', therc'fore, in <*oncfusioii, to see whether 
the objiMUions he so strongly insists on, do not e(|ually apply 
to his own conductors as well as to mine, and, in short, to 
liglitning conduclors generally. 

17. In the first ])lace, he U lls us (see 101.) that it is pos- 
sible for tho most spacious conductor that (xin ho at>pli('d to a 
ship to he rendered sulliciently hot by lightning to igniti^ gun- 
powder.” 

IK In the next place, he says, (202.) that tho lateral dis- 
charge will alfrnt/s lakii [ilace when th(i vicinal bodies are ca- 
pacious, and near the [iriiicipal conductor or any of its me- 
tallic app(!iidagi*s.” d'his was the case, he says, wliea only 
his small jar was leed, and with this small jar luj could 
jnoduce lateral discharges at a distance of fifty feet from the 
(TTT??ct discharge.” 

11). Thirdlj , he tells us (20«T) that “ the magnitude aiul 
intensity of a Hash ol' lightning being htfuiilehj greater thiin 
anything which can be produced artiticivilly, the lateral dis- 
charges must be itroporUonallj) greaUtry^ that is to say inji- 
7}it(ilij great. 

20. Taking these data as true then, it follpws that any 
lightning conductor carrying a Hash of lightning^ would at an 
hifinile distance, produce a lateral explo.sion injtvjivlu great, 
and of course T:lo an hf/hiite deal of mischitd’. Hence, every 
powder magazine having a lightning conductor, every ship 
with a lightning chain in her rigging, should whenever light- 
ning struck the condiu’tor l)e\lestroyod ; for in no case is tlu‘ 
conductor at one third tlie distance from the intlammahle 
matter, of that, at which Mr. Sturgeon can produce a lateral 
discharge with a jar of “only a quart capacity,” viz. .jO 
feet.” . 
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21. But Mr. Sturgeon propo^t^s to apply cylindrical coppcf 
rods in the rigging; their “ upper extremities to he attached 
to the tops, &c. &c.,” “ their lower exlremitieo to the chains 
of the shrouds,” and ,fo be united “ by broad straps of 
copper to the sheathing,” that is to say, by (conductors with 
edges, which he says throw olF the charge into neighbouring 
bodies ; this too after having told us, that thoi most spacious 
(conductor may become red-hot, and^that lateral I'lischargi.cs 
always take place when the vicinal bodies are capacious, and 
near the principal conductor ox any of)fs metaUie appendages. 
Under such circumstances what is to liecomc of the rigging, 

sails, masts? wilKthey not he set on fire? Are not tlu' 
massive iron hoops and other metals ahout the mnsls, the? 
chains of the shrouds bolted through the ship’s side,, and 
other metallic bodies in the hull, sin^h as holts, tanks, chain 
cables, &c. &c., vicinal capacious bodies, and reaching by 
interrupted imdallic circuits up to the very inagazimvs Mr. 
Sturgeon talks so much about ? Must not a ship with such 
conductors be necessarily destroyed ? Surely he must give 
the British Association and the learned bodies of Europe and 
America, &c., vt^ry little credit for philosophical penetration, 
if he thinks they will not immediately discard such philosophy 
as this. 

22. Either Ids theoreti(‘al and experimental rcsearcht's” 
arc true, and his system of conductors fatal and absurd, or 
otherwise, if his conductors he good for anything, then his 
theoretical and experimental researches are gpod for nothing. 
He may adhi^rc eitheji* to the one or the other, hut he cannot 
have both ; such is the rcductio ad adsurditm in wl/ich I m is 
involved. 

Mr.^ Sturgeon’s anxiety to arrive at conclusions unfavour- 
able to my conductors, has led him to conclusions subversive 
of«// conductors, his.o?r// especially, 

2i>. I'he mere circumstance of finding his third kind of 
lateral explosion” de(;rease in power, by uninsulating his jar, 
might alone havii led him to doubt the accuracy of his de- 
duction. Oil s<5 important a point, and before he ventured 
to awaken prejudices and fears of the uninformed, w^e had 
a right to expect at his hands a profound scientific in(|iiiry. 
He should, at least, have tried whether ho could not gel this 
spark after the main charge had passed (///) as well as at the 
nppare?it time of passing. Tlid (juantity of electricity should 
have been accurately measured, and its effects in producing 
the spark determined, both in relation to the quantity and 
surface over which it was distributed (p). The form ‘and 
dimensions of tlu' discharging conductor slioukl have been 
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^varied (r). I'lio final eloctrical .state of his apparatus, as also 
the electricity of the spark, should in common prudence have 
heen examined, (fc), together with other manipulations quite 
inexcusable to* neglect on such an .occa.sioii. He has how- 
ever, failed in everything ^alculatcTl Jo give value to hi.s 
inquiries, as I think has been fully shown. They arc hence 
not entitled to the smallest confidence, and it is not a little 
extraordinary that he should have done so, whilst taking 
credit teTiiniself for super tor •sagacity, and an acquaintance 
with facts of which lu» says I did “ not seem to be aware,” 
c. g. the most common-place facts in electricity. 

ii-t. In conclusion, 1 have no hesitation in giving it as my 
confirmed opinion, after a long and severe examination of 
the laws of electrical action, and of cases of ships and buililings 
Strunk by lightning ; — that a lightning rod is purely passive, 
that it operates simply in carrying off the lightning which 
falls on it, without any lateral exi>losive action irhateier. I 
do not deny the general imluctive effect mentioned by I..ord 
Stanhope on bodies oppoSied to the influence of the thundi>r- 
cloud, and that the displaced electricity will again find its 
c(|uilibrium of distribution, and return to those bodies, which 
elfoct would necessarily take place, whether we had a light- 
ning rod or not (13); an additional reason for linking tlui 
detached conductors in a ship’s hull into one great mass, so 
as to have as few interrupted circuits as possible in any 
direction. 

I'his opinion, by the citation of a few striking cases in 
which ships have been struck by lightning, I hoi)C in a future 
paper fully to suj^stantiate, should you 'think the subject of 
^iuillcicntr con.'iequcncc.* 


. Appkndix. 

The author, probably perceiving how little he had gained 
by quoting Lord Mahon and Dr. Priestley, observes, in a 
supplementary note, page 235, “ Perhaps the experiments of 
I’rofessor Henry would be more to ray purpose.” I'hesc 
experiments, however, are no more to his “j^pose” than 
the others, a« any one may see who will examme the Pro- 
fessor’s communication, in the seventh report of the British 
Association, page 25. The experiments there described relate 
to minor electrical discharge^ similar to those already men- 
tioned (i). These were qjjtained by throwing simple sparks 

We shall be most happy to receive and insert any further 
counfiunicatioii from Mr. Harris. — Kdit.j 

Vot. IV.— No. 22, Janunry,'\S40. Z 
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from an electrical machine, on small wires or rods, eitlmr 
insulated or connected with the earth : the wires hecainelumi-* 
nous and the rods emitted sparks, in this case, aS Professor 
Henry observes, the electricity of the machine must be con- 
sidered as free electricity ; and «s the bodies on wiiich they 
fell were all in their natural state, the spark is immediately 
thrown off as a lateral discharge. Whether iiisnlated or not, 
the electricity of tiie body is evidently acted on by induction, 
before the spark can be distj:ibuted,over it or tlip earth. 
Hence, when sparks of about an inch Jong are thrown on the 
upper end of a lightning-rod, or other metallic body passing 
into the earth, lire induction upon the rod and earth rr-ijiiiring 
a short time for its* development , a spark is thrown oil’ iij.ou 
any adjacent conductor in a state to receive it. 5iuch experi- 
ments, therefore, apply only to small quantities of electrjeily 
suddenly thrown upon, conductors in a neutral state. 'I'his, 
as 1 have shown, (13, figure (>,) is a distinct case from that, 
in which a charged surface throws off its redundant electricity 
upon an opposite surface eager to receive it through a con- 
ducting-rod sharing in the electrical stale of that .surface, and 
which is consequently prepared already by induction to dis- 
charge it. One might be led to infer,’ from the particular 
description given by the author of this experiment, page 23.'j, 
that sparks liad been obtained from a lightning-rod at the time 
of its convening a discdiarge of lightning. It Inay i.cl he aiAiss 
to add, llua IV)l'essor Henry did not consider these experi- 
inoiits as applicuilile to lightning-rods ; and that in accordance 
witli the Opinion of Biol, he thinks the spark ohsVrvahle at 
the time of discharging a jar— that is? Mr. .Sturgeon’s we w 
fact— is entirely ovving to ti small quantity of redumliint elec- 
tiieity always existing on oite side ol the jar, as I have alreaJT^ 
staled/ (/), muJ not to the irho/c charge. • 

I am, tjenflem: n, , 

* Voiirs, &c. 


Plymouth, Kov. 5, 1839. 


W. Sx'ow Hakkis. 


/ ■ 

My dear Sir, 


Westmorelaii(\ Colt.-ige, 

Hecemher 2, 1839. 


1 have read your preceding jyipcr very carefully, under the 
expectation of finding some close dispassionate reasoning 
fvom the pen of/me who lias so deServwlly the rt>pulation of 
being an mdelat tgahlc experimenter in elcctrieitv. 1 expected, 
also, frem tJic title of your paper, that you would hav.! iUres- 
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Hgafed my fourth momoir, paragraph by paragraph, inline 
.same uniform manner in which they are arranged; pointing 
out their correctness or incorrecijiess, in a manly and 
scientiiic order. Hut, although 1 have been sadly disap- 
pointed in this particular, 1 atn yet wMling to believe that the 
next time you at tempt to investigate any of the results of my 
eiK|uiries, your present irritation will liave subsided; aiidiliat 
you will see tlie necessity and importance of keeping cfosr 
to your s#i^)ject; for noirritatc^l man can be expected to rea- 
son well. • 

I am cxce<MlingIy .sorry to find that you think I have 
laboured hard to invalidate” your experiments which were 
shown to thii Navy Hoard, at riymoulh, and the Hritish As- 
sociation, at liivcjrpool, &c., wht n no eiiort of the mind was 
necc*ssary for the purpose*. No electrician need ^ labour hard'’ 
to .show tilt* deceptive characler of those ex[)iTimenfs ; iitu' 
would it rotjuire nnich ellbrt of the mind io come to the con- 
clusion that the.‘.e experimt'iils were citlicr tnivndr.d to 
tlet'eivo, or that their author was sadly abroad from his sub- 
It woul<l be impossible for me to know which side?, of 
this dilemma, you me.in to cho(;se: ])ut i liopti ymi will be 
enablt.'d to clcra* up this point e.n<l that without (hhiy; f(»r 
upon thh fioiitf. aloiie hangs much of \our t*reilit (wliich I 
ho^ie ne\er to see sndit\l) as an electrician and a ]dhkinlhro- 
j>ist. My oidy motive for reviewing- \our lU rsf nittro experi- 
ments was that of placing them in a jwojier liglit” jmd 
I <!aii never expect that you will obji*et to a:i examination of 
your iilusira ticMis of a to])ic of such deep iiiltuTSt as that of 
marine lightning^ (-onductors. where tiionsands of l>rave men’s 
Jb es are«tv.thr‘v to he protected or placed in wanton jeopardy. 
Tliink seriously on t!m imj)ortam e of this ^idoject hefor«* you 
vc*ntuf(* one slc'p farther in your pvoj»'et . and (illoAv <*tnulom* 
and e:*peiience to bi* well weigin‘d in your mind on (bis mo- 
nieiitou,-. ocea.;i(»n. No (>ne would liavi^ lir(*n more tleligliit'd 
than m\st*lf had your long ])a]ier shmvn amything like dis- 
passionate controversial urgunient with eh>se adhereiue to the 
snbjeet ; insO a.lof which I am .sorry to siiv. you*ha\ e indulged 
in l)!unt and uscles.s aspi*ntif*s which Jin* fovi ign to M‘icntitir 
dis(‘ussion, a^ul fatal to tlio progress of ail raiic^ha! pm suit-. 

Ymi must excuse my diNCUs-sing tht* va.ious pari.^ of 
your paper individually, at this moment, a> mv die.as 
press too cl().sely on^my li^ne to give tluin proper a'.ltii 
tion. I Call only now re|)eat that I am much ih.^appoint cd at 
your not touching on the most vital ]iart of my memoir, nor 
of producing any urgnim*nt in favour of your lavotj iie plan ol 
inarliio liglitning condiictor.s. In the nc'xt number i.*i the^e 

• ' Z 2 
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Annals you may expect a full aiul ample analysis of your, 
paj)er: at present I will merely offer a few questions lor your 
solution, which, as a gentleman and electrician, you will un- 
doubtedly attend to. 

Have I, or have I pof, given 3 fair and candid explanation 
of your experiments before the Navy Board, at Plymonth i 
(Fourth Memoir, 176, 177, 178, 179). 

Have 1, or have I not, j)ointcd out other experimei^ts which, 
as an electrician, you ought te have made the Navy Board 
acquainted with in such an important enquiry f (180). 

Do you moan to be considered a philosopher, or a nccro - 
mancor, by endeavouring to persuade the British Association 
that your blowing a*sundcr two pieces of w'ood by 
was a true representation of the elfccts of lightning on a 
ship’s mast? (iJ^l). 

Have you, or have you not, made any other experiments 
to show the superior efficacy of your proposed conductors? 

Have you, or have you not, made yoursidf well acquaintisl 
w'ith atmospheric electricity by a long scries of kite experi- 
ments ? 

To what kind of electrical action do you allude the bursting 
of the iron hoops of the mainmast, &c., of the fiodn/'i/, ancl 
the springing of the nails, and displacement of the lead of 
“ the lantern of the douio” of the JIvIvl dex Inmlidex? 

Which dp you think most prudent, to endeavour to lead 
lightning vito the ship, or to endeavour to keep it out of the 
ship? 

These are plain simple questions, and require nothing more 
than plain, simple, and unequivocal answers, 

1 am, dear Sir, , 

Yours very truly, 

W. S'J'UIUJFON. 

To W. Snow Harriet Esq. 

P.S. I hope you will perceive that I have no motive in 
this great question, further than that of eliciting trutli and 
protecting our- brave tars from the most fornudable of all 
nature’s eleiirents : and you may depend upon my giving you 
every advantage that these Annals will afford, to suj)port the 
plan which you have proposed. You will acknowledge that 
1 have hitherto been candid in ^lis particular, by transplant- 
ing your paper from another Journal to’ the Annals ; and as 
it is possible that yonr letter of thJ I5lh of September may 
have some weight in your favour, I now offer it to the perusal 
of our readers. W. S. • 
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Plymouth, Soptombcr, 1»5, 1K30. 

Dear >?ir, 

1 have iicvdl- received the ])aper.s on electricity alluded to in 
jour letter of the l^ith instant, and with which 1 have been 
<luly lavoured. 1 do not think any* communications of 
tbe kind were^ received for the Physical Section, of which I 
w as one of (he Secretaries at the last meeting of the Jhatish 
A:>socii4i?)n, at Pinniu^hain ;,at least, if they were, I know 
not liin^ about it. I canr^ot understand how^ any one acquainted 
w ith the nature of ordinary electrical discharges, and conver- 
sant with the practical results on the great scale of nature, 
can at all di^isent from the sinijAe and pltrin mctluKl 1 employ 
iuY guar* ling shipping against lightning. I lowevi^r, you seem 
to think iny scheme a dangerous one ; and 1 will allow that 
ymir opinions are entitled to iriucli cQnsidoiation ; you have 
entered w'ith considerable ability and skill into electrical 
actions, and you have luy best acknowledgments of your 
talents. I cannot say as much for those w ho have been lately 
engaged in the illiberal crusade against me and iny opinions, 
in liOiidon. l>ut as I do not in anyway care for, or value 
what they say, I do not think it worth luy while to notice 
(hem. Mr. Clarke, Mr. Roberts, with a few ignorant naval 
men, are (juiti' w'cleome to visit the Polytechnic daily for the 
jiiifpose of di'jm'ciating luy labours, and may publish as many 
juunphlets for circulation at the diilerent bridged in London 
as they please. 'J'bat is a mode of proceeding which must 
eventually recoil on themselves ; to say nothing of its being 
unhandsome, illihenfl, aiul unciilled I’yr. 1 must say 1 w’as 
not a lit<Je annoyed at finding you associated against me with 
otliers; since I had alwaj^s from tlie lime I llrsl met y(»u at 
Oxfoi^l, at the meeting of the Prilisli Association, tjiought 
we were on bettm' terms; and that any dilb'rence about a 
l)lulosophical subject might liave been settled between us in a 
l)ettcr way. llowever, I cannot help it. 

^V(‘11 now, you say you are about to publish some comniu- 
iii(*ati()ns wliich are to point out the danger of-my system of 
diife.nce from lightning. I cannot possibly lutvi' any objection 
to this. I oi]ly hope you wdll be careful to inCnrm joiii>elf 
respecting the true state of the ciuestioii, and not misn'preseiit 
me as others have done (uniiitenlionally it will l)e I have no 
doul)t ). You will excuse, I am sure, my sa ving, if I may judge 
by your letter, that you have^lot examined the (jucsti»>n laitli- 
fully. Let me, thero!'ore,*put you in possession ol a tew points 
as it may probably save both of us trouble. Like some others 
youltegiu by assuming that \ have overlooked some iinpin*t- 
ajit facts^counectcd with discliarges of light nnig. IVrhaps 
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the contrary may he found to be the case and that ihoso \vho 
oppose me have mistaken the roaii ; and I think f see where 
the mistake made by those who talk of dangcf from a lateral 
discharge lies. However, of this more by-and-bye. 

1 beg you to observe that you arc quite wrong in supposing 
tliat my conductors pass through the magazines.* Why 1 
never dreamt of such a thing ; neither do they cxclusivclj g«> 
into the body of the hull; since large jnetallic baiuliy. lead oil* 
under the deck to the iron knees, in the side. IMy object 
has been to connect all the masses of im^lal in the bull, and 
the conductors on the masts into one general system, so as to 
admit of a g(Mieral and rapid distribution of the fpsing (;liargc 
without explosion or damage. 

You say tlu're is an aj)parent intention to liilroduce n\\ 
conductors in tlie iiavv.” Arc you not avvare ol the /tvr/ tU' 
the co?icfnr/or.s hnrtni^ been used in //»r navif fur (he Inst !3 
years or moiu* { by they hav«' be('n lilted in six iVigales, 
many line of battle siiij)s, and smaih'r craft. liav(‘ bevui 

exposed to lightning in all parts of tlie world — South Aniei iea, 
MVopics, Coast of Africa, Alediievraneari — sonu' have betm 
struck by lightning. I understand m tin' late' iii([ii;L y which 
the gov('rnnient ordered with a view of examining the snece^s 
of my plan, that ex<rem<*ly xalnnbb' (‘vitleiiee ha^ b{*eii ob 
tained from naval (jlihi.rs in < t.f llieir shifts, and 

from others who liav(' ])e( ii ex|;os<:d Jo I gbt ring under vari<Hi.'> 
circuni.stance.s. U is, i am told bj (In' Sncrolar> (.f t ’ne A<imi- 
ralty, very voluinim/us, will l)e printed liiitl laid bri’nre i'ar- 
lament, f do not l.qow the amount of 'it m >Si‘if. but i tiiink 
it would be as well to examine the documents before wc enhu’ 
upon (ho public discussion you have marked out ; as to mere 
oj)iTiiou it w'ill g*j for noihing any way ; and yon inu.'^t go to 
facts. Allow me to (‘all your attention to (lie Natitieal Alag- 
azine, Aio. 2, for b'elvniary la.si. IS.P.t, for the actual ellects of 
lightning on three ship'S of Mn; navy; and if you will go to 
JJ?\ Patpie, at the J^olytcchnic^hc will sbow^ you the diagram 
1 left there, illustrative on a large scale of those elfo(ds. Tell 
me, where was the calorific and lateral discharge to which you 
allude in thi/. case ? If wo could meet and exainine this sub- 
j<',ct together experiinenUilly, I believe we slmuld soon settle 
th<' di1f(?rericc. Whatever I may be iiiduccid to do by way of 
reply to anything you advance, wull he simply an appeal to 
facfts. f possess a great body oi evidence from a history of 

* Will Mr. Harris say that not one of his eon(hict<irs passc'd 
thronglj tiu; powder magaz.int of II. M. S. Java ? Si t; Lieut, 
(ireen's Letter, p. IVZO. I^ldit, 
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casfts of li^htninjj on ships which bear out niy views; but I 
certainly shall not wi'ite anything until I see the result of the 
inquiry and flivestigation lately instituted by the Admiralty. 
I think you would do well nnt to adfanee anything without a 
pretty close appeal to experience. I 'shall always consider 
t'.al I have J)ecn illilierally treated by many persons in this 
aniiir, as you would say if you knew all, 

• .1 api, defy Sir, 

• Yfiurs faithfullv, 

\V. S.Nt^W HARRIS. 

7b ll\ Sturgeon^ Ext/. 


X K. On the rffr/'ts of TJghtning on ILM.S, 

Jiy Jwi:i T. SrTWAv. /;/ a Ifttvr io the Edttor. 

.1 lu.shjii,^, iienr I'nliiioiith, 
October lb 

Sir, 

I laving consicb'Vt'd your coininiinit'iaiou in tiic Annuls of 
bib'clricity, on marine liglitning conductors, containing ob- 
Si'rvations on tin’ stroki' ot liglitnini;* which fnll on the ma'-lsof 
1 1 . M.S. I 1 hi Ilk it lair, both to Mr. 1 ! arris luul tin* naval 

.s(U*vic(', to dis'. riht' tlu‘ phononionon I w il iics.-i*d on llial 
(/<*< asion : (Irsl slating thai at llic time oi mt joining tlie 
Ih'agU; in previously to Ik'T h aving Ihiglaiul. I had no 

ac <]uaintancn witli Mr. Havri.-. and ct rtainly no ///V/.v in favour 
of Iho conductors wliich the sly p was lilted. I may, 
tlu'rclig'c, claiiTi to he considered an impartial ohsmver. 

At the time alliuled to, I was first Liiailenaiit of the lieagle, 
and^vas altending to the duly on deck. Slu' was a^ anchor 
olfjVJonte Video, in llio Kio do la Plata, a part of thewoikl 
very often visilt'd by .severe lightning storms. Having lioen 
on Iioard II. VI. bVigale, Thetis, at Hio daneiro a lew years 
helore, wIumi liev foremast was totall) ilestroyed hy lightning, 
iny attention was alwaiys parlicularly directed to apjaoaehing 
electrics slcnins, and especially so on the orcasion alhuhHl tc». 
as the storm was unusually severe. 1 he fla^lies succei'deil 
eaeli other in rapid sueee.ssioii, and were gratlually approach- 
ing ; and 1 w^as watching aloft for them whim the ship was 
apparently W'ra[)t in a l)Ia*/i» of fire, accompanied l>y a simnl- 
tnneov.s crash, which w'as Apial, if not suj)crior, to the ^hock 
I felt in tlie d helis ; oiufof the clouds hy which w’c were enve- 
loped, had evidently hurst on the vessel, and as the mainmast 
aff[>eared for the instant to l>e in a mass of tire, I telt certain 
t hat lliv iighlning Jiail passed tluwn the eoiiduclor on that 
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mast. I'he vessel was shaken by the shock and an unusual 
tremulous motion could be distinctly felt; as soon as I had 
recovered from the surprise of the moment, I ran down below 
to state ^hat T saw and tp see if the conductors below had been 
affected, and just as I entered the gunroom, the purser, Mr. 
Kowlett, ran out of his cabin (along the beam of which a 
inain branch of the conductor passed), and said that he w^as 
sure the lightning had passed down the conductor, for at the 
moment of the shock he"* heard a sound like rushing water 
passing along the beam. Not the slightest ill-consequence 
was experienced ; and I cannot refrain from expressing my 
conviction tliat had it not been for the conductor, the results 
would have been of very serious moment. This was not the 
only instance, wdien we considered that tin; vessel had betui 
saved from being damaged by lightning by Mr Harris’s con- 
ductors ; and I believe that in saying 1 had the most perfect 
confidence in the protection w hich those conductors airordcil 
us, I express the opinion ol' every ollicer and man in the ship ; 
and as Captain b^irzroy’s opinion must have much greater 
weight than mine, from his superior know h'dge on llu' subject 
of electricity, 1 cannot refrain from copying his o|)inion of the 
conductors in the licagle, which is published in his appendix 
to the lh agle’s voyage. 

Previous to sailing from England in 1831, the .Hcagle 
was fitted wkh permanent lightning conclut lors invented by 
Mr. W. S. Harris, E.li.S. 

‘‘During the five years occupied in the voyage slie was fr<?- 
quently exposed to lightning hut never r^^ceived the sliglite.st 
damage, although supposed to have la^en sti'fick by it on, at 
least, tw'o occasions ; w hen at the moment of a vivid* flasii of 
lighlniii^, acc:ornpaui(fd by a crashing peal of thuiicjiu*, a 
liissing sound was hoard on I lie masts, and a strange though 
very light tremulcjus i^^otion in the ship, indicali‘d that some- 
thing unusual had happcno<l. 

‘•3 he IJeagle’s masts, so fitted, answercvl well during tlui five 
years’ voyage jibove imnitioiied ; and are still in use on board 
the same vessel on fondgn service. 

“Even in such small spars as her royal masts and flying jib- 
boom, the pfates of copper held their places fiilidy, and* in- 
creasf'd rather than diminished their strength. 

^‘No olgcctioii which appears to me valid has yet been raised 
against them; and were I allowefl to clioose hidween having 
masts so fittecl ami the contrary, J should iif)l liave the 
slightest hesitation in deciding on those with Mr. Harris’s 
conductors. 

“\\ hethcr they iniglit be further improved, as to position 
and olher details, is for their ingenious inventor to consider 
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. 111(1 (letcniiine. H(i has already devoted so many years of 
valuable time and attention to the very important subject of 
defending ships against the stroke of electricity, and has 
.su(u-e(*ded so well for the benefit of o^ers, at great inconve- 
nience and expense to himself, that it is earimstly to be hoped 
that tin* government, on behalf of this great inaritiinc country, 
will, at the lea's!, indemnify him for time employed and pri- 
vate funds expended in a public s^^rvice of so useful and 
n<M-(\ssary a character/^ * 

Not being suflici(nitfy acquainted wdtli electrical experi- 
ments, 1 cannot remark upon those you have adduced in 
support of your opinions detrimental to Mr. Harris’s conduc- 
tors. 1 (?an* therefore, only repc^at my conviction that the 
Ileagle was struck by lightning in the usual way, and certainly 
without any lateral explosion or other ill ollects, similar to 
those you insert in your Annals of I’dectricity. 

1 am. Sir, 

Vour obedient servant, 

B. T. Sr lAVAV, 
Lieut. K. N. 

Observations, 

fJ(Hit. Sutwaj’s description of the lightning rods on the 
Ib'agle is obviously of a very dilFereiit characl(»r to that given 
by Gapt. I'it/roy, ai\d certainly much more favourable to the 
idea of tin* ship l)eing struck than given by the latter ofliccu'. 
1 consider Idiuit. S’s •lescription of the (K’cunenco exceedingly 
valuable^; lor it ts the minute detail of tlie etfecls of lightning 
that we arc most in want of, and it is much to be lamented 
that i«ir dataoii ibis momentous topic is yet so scanty. ^ There 
is not^iing, however, in this letter tlmt ('an in the least affect 
my siali'iuents ri'garding the (dectrical 4 )rinciplcs that would 
be brought into play by Hashes of lightning striking vessels. 

^\^ STUUCiEGN. 


Xlil. On Snow Harrises Lightning C^ndnetors^ as 
fipptirfl to Shipping, In a letter to the Editor, By W . 
PuiNCiLK CilfKKN, Liout. R.N, 

James Street AdcJplii, July 18, IS31). 
Sir, • 

An important epoch has arrived in practical electricity l>y 
tlm»(j(3vernnient appointing a committ(*e t(^ detoriniiie on (he 
subject gf fixed coiuluctors/ fitted to the masts of several of 
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her Majesty’^? .shi|'.s, passing through tlie hull and after-maga- 
zine. Having in the year 1822, on the soiienie being 
introduced into the Navy, by order of thi Navy Hoard, 
opposed its adaptation, -upon incontrovertible evidence, 1 am 
again preparetl to show, its being an ill-copied })lan of Mr. 
Marrol, published in 1S12, in the Naval CMirouicle, Vol. I, 
p. 201, and the extreme danger of such conductors, proved, by 
experiment, and a m^s of electrical phenomena - and by 
my representation of uiese facts the^then existing IJoaril of 
Admiralty countermanded the N. IVs, order. As this plan has 
l>oen iiitrodiu ed into the Navy, and the uece.'^sity of investi- 
gating a nialtt'i* obsucli vital importance to the state at this 
time, needs no comment: as I do not heliev(* it po^sihlt* 
otherwise than by a perusal of the ac^count of experiments 
made at Pl\ moul !i ; ,of my queries jind experiments: and 
a ri'view of my researches during years in every (piarti r of 
the gIol>e, iliiK^rated by drawings, for tlu' most e\j)ericnce(l 
tlio(U*etical electrician to given correct ilecision. I am, tlierc- 
foiv, de>iroiis to pul you in possession of tlu^ w bob' of this 
matter, upoti wliich 1 take my stand.* At this monmni tlic 
sulqect accjuiros a great interest thvougliout tin? Naval Ser- 
vice, and very gross dect'plion has la en, and coiiiinu<\s to he, 
practiS<'d upon that se rvice arnl the puhlnt, at a lieavy cost lo 
the nation, liy making experiments which st'orns lo demand 
the protectkjii ol'the public press. 

J have llie honour to he, Si;-, 

Your o])edi4*nt servant, 

^ W. P«IN(JLK (JKKKN, 

Jdfut. 

• Livut. Grceids Queries. 

1. Will not the •superal)undant electric fluid from the 
.s})indlc in tlie truck, which passes six indues into the body of 
the mast, explofle. and dt^.slroy it i 

2. How is the spindle to he substituted when the top- 
gallant mast is (fik d(ick, which is generally the case in stormy 
weather, the#cap has much iron about it this heiyg the liig}n?st 
point ? It is not possible to pla(?e the spindle and connecting 
copper across the cap, without being in contact with much 
iron af)out it. VV ill not this iron draw olf the fluid and cause 
an explosion? Ami will not tW nails in the copper strips 

We have in our possession much valuable inforinalioii on lliis 
subject from IJcmt. Ureeu, hut only give a few of that Othcer's 
queries in this place, hklit. 
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*l<).so.^ ir these conductors, such as the proposed, are suffi- 
cient saft*gAards, when passing through a ship, how is it that 
I le<^keiiliain l^or-house was set on fire though it had eight 
of the largest and most approved c onductors placed on the 
outside ; and what must have been the result had they passed 
through th<j building? As conductors can ho surcharged, 
broken, and fused, and electric fluid hecoincs scnsiJdc in the 
fdriii oi'^x* s|)ark upon the surf'acro, and, as it has Ixmui shown 
by oxporinieni, slreanis of' ffanic! are sometimes condiK ted 
along the sml'ace of a (conductor ; are not thc‘se facts alone 
Miilicieiit hKX)!', that it is dangerous to ccnidiict tliese elix'tric 
strt'cims thro\igh a ship's jnnrdcr inn^tiinc / W lien tlie 
electne fluid iS sen-i!>le in the fiaon of a >parl; or sparks, or in 
such slreains. and ((mveyd by the conductor to tlie intlam- 
mahleair in tin? hoUoin ol a slop, will^it not (‘ause ignition of 
this imllamina’ole air and ami liurn the. ship ^ llutrogen is 
put into a gaseous slate (jy tlu^ agency of eh'ctricil \\ and the 
l)ilg(' w at(‘r V (Uild hi' documpose'd into oxygtui and hydrogen 
gas and instantly hhr/e. AViil not the electric sparks wliich 
lorin upon the conductors pass oil* to the iron tanks and iron 
hallasl, and ma\ it not c^xplodc^ under the powder magazine 

wlunti it is <M;nvfr*M‘d iion ballast ( 

•' * 

3. llcnv is it to la? presumed that conductors, such as the 
])i’o[)oso(b can guard a ship from u strokes oi’ lightning when it 
is known tliat a .single flash fust cl a conductor t>n the main- 
mast, shivu'rrd tl\o Ibremast, spli]it(‘rs clistaiil parts ol the 
deck, and a sullliieiicv of tlie (deotrie fluid pas‘-es clown 
hi'low, (le;-,t roy iug hwik-lnuuls and fusii^g a b. r oi inetal tlu*re. 
3’he spgre lojiiflnsls and topgallant masts being lilted with 
conduc'tors, and placi'd in th<‘ centre of the ship, as is the 
custtwn in all her Majesty's ships bctwct'ii the fore ayil niain- 
mastg, pointing both to the epuartev-deck and forecastle, on 
which the t)lficers and crew are always in considerable 
numbers. Mill not llio.^e ])cx)ple ])e killed by a diftcdiarge 
from these? longitudinal conductors t 

1. Should the conductor convey any portion of the fluid 
to the holts in the keel toncliing tlie copper sheets on the 
hollom, win it not pass along the holtoni ancl knock oil’ tin? 
rc?iiiaiiKler, and will not llicse bolts be driven out and the 
keel split ? Mliat w ill he the expense to complete the Navy 
with such a scheme I I pou a very in()dc?rate estimate it w’ilJ 
reejuiro .UoOO. to clcu^ and complete c:‘ach ship, and jCoOtbOt -O. 
he required to complete the whole Navy, 'i'hat (here is not 
the .smalle.st difUculty attending the hoisting up a chain con- 
diailor, it is a fact, for one jnau and a hoy can accomplish 
this ; and when up and Jasloimci to the hack-stiiys, it cannot 
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be injured though it remain up for a vojage. In what does 
the plan diller from iMr. Singer’s, proposi*tl nine* years j)re- 
viously, who lirst put bolts through the kci'l, or those thirty 
years ago in use in the .French Navy ; both l)eing abandoned 
by the inventors as chimerical and dangerous in the extreme. 

As long ba(‘k as ('apt. Cook’s being at .lava, in the I'iii- 
deavour, in ITGlt, the dangerous eHeets of si)indles in the 
mast of ships are recorded by Mr. Creen who accompanied 
him. During a storm of thunder and lightning and rain, tlie 
mast of a Dutch Indianuin was split and destroyed from the 
spindle to the deck. So great was the shock, tluit consider- 
able fear was entertained for the safety of the Kndc*avour, as 
the explosion shook her like an eartlupiake; proving that it is 
not only the ship or building to which a conductor is alllxed, 
tliat is endangered, buf all for a considerable distance around. 

If a single spindle can invite so powerful and dangerous an 
agent, how mueh greater must he the stroke in presence of 
three of them such as are placed in the masts of her 
Majesty’s ships, in ordinary at Plymouth. A link of 
the chain conductor such as used at sea is put over tlie 
massive spindle and continued to the wat(‘r. The first experi- 
ment made w'as to prove tlie danger of such a setheme. A 
model being produced, and the spindle exposed to an ordinary 
discharge of the fluid friu»in the battery, the chain was inslamly 
fused by tlm lateral discharge, and tlu‘ mast splintered, prov- 
ing tlie danger of the plan, and that the* strips of copper of 
the fixed conductors to the masts of ships would be fusialfrom 
the spindle. • 

A mast thus splintered and set on fire \<^ould inyilvc the 
ship in destruction. It has been asserted by the suggesler of 
this sclu*ine, that although the fixed coiuluctor had bei»n cut 
through by a saw, or a break made in it, this would not im- 
pede the passage? of /he fluid. ‘^I'hat sparks were passed 
through gunpowder without igniting it, and tliat idectric fluid 
is always transmitted along the surface of conductors.” 

271 ( 1 , Kjt, a copi)er comluctor was passed through the 
centre of the maga/ine of a ship fitted after the plan in (jiies- 
tion, precisely as 11, M, Ship Java a as ftftcdy with the ex- 
ception of it being nailed to the mast. The conductor was 
cut through to represent the break said to lie made in the one 
fixed to the mast of the cutter, in tin? public experiment, 
powder jilaced n(?ar to the fractfere, in a shock being passed 
through the conductor instantly ignitiKl. A gr<*ater charge 
was then sent through the conductor which was instantly 
melted, globular melal being produced. Several other expe- 
riments were made to exemplify mon? satisfactorily the fusion 
of conductors by lightning. 
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Letter to the JUiditor of the Annnls of Electricit 

From the Ri:v. N. Callax, Professor of Natural Philosophy. 

Maynootli College, Nov. 11, 1830. 

Dear Sir,^ 

^ I have read, within the la.st week, a letter from Professor 
l<orl)es,V>f Aberdeen, tp Dr. i^'^iraday, in which lie states that 
JVlr. Davidson, ot Aliei^loen, has been eminently successful 
in the production of a moving power by electro-magnetism ; 
and that Mr. Davidson is the first wlio employed the electro- 
magnetic p^wt*r in jiroducing motion by* simply suspending 
the inagiietism witliout a change of the pules. This, he says, 
Mr. •! )av'idson accomjilished aliout two years ago.” I believe 
I may hiirly ebspute IMr. David.son^s rl^im to be the first wlio 
employed that method of n.pplying electro-magnetism as a 
moving power. It is about tw^o years since I first constructed 
an electro-magnetic engine for the production of motion, in 
whi(5h tlu'rc was no reversion of the poles of the magnets, but 
only a suspension ot their magnetism. In a letter of mine, 
dated February 20, 1>>38, and published in the Annals of 
h^lectricitjs on the first of April, in the same year, I refer to 
three ditferent electro-rnagnetic engines which I had then 
nifi<le. In one of these there w^us no reversion of poles ; but 
only a suspension ol the magnetism. 1 have •since made 
.several engines on the same principle. 1 made one in August, 
183S, for the Rigid Rev. I3r. Carew, Coatljiitov, Pnshop of 
INladras, which he Iflought with him tq India, for the use of 
his 8emyiary. Tn this there were two magnets ; the motion 
was produced not by a reversion of poles, but by a suspension 
of thft magnetism. In the coinmenccmont of the ^m^sent 
year, J made one uii tlui .same principle for the College. It 
worked very well, altliough it containcd«ouly a single magnet : 
it was cxhil)ited to my class last Pebruary. ’ Within the la.st 
tw’o years I have made a great variety of machines for the 
production of motion by electro-magnetism.. In some of 
these the poles were reversed; in others, tire magnetism wa.s 
only su.spendfd ; and in others, the magnetism was constantly 
maintained. In some the motion produced by the magnetic 
force was rectilinear, and, of course, a crank was employotl to 
convert the rectilinear into a curvilinear motion : in others, a 
rotary motion was diVectly froduced by the magnets. I'he 
crank engines differed* from all the crank engine.s of 
which I have seen any description, in this respect, that the 
length of the stroke might be ten or twenty feet if necessary. 
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without any tliminulioil of tho vioriitg powor of the inaf^nets. 
The iminetliate piihlieation of lh(? results of luy experinienls 
would bo premature as some still remain to* bo Jiiade. I 
intend soon to make an ongiue of eonsidorabfe power. My 
experiments give mo ovM*y reason to tliink tliat, with a giv(Mi 
battery, the moving* force of each magnet, in that machine, 
will be at least eiglit or ten times as great as it w^ould be if 
the magnet were placed in an engine eonslrueted on the plan 
of Professor .Facobi. ! do .not know the plan of Mr. IJ^vulson, 
and therefore cannot compare it widi mine. The moving 
force which he oblaine<l appears to me very small, wlien 1 
coiisidor the si/e of the battery employed. I lo\vev<*r, that, 
may have arisen ffom a defect in the construtlion of the 
machine rather than from any defect in his plan, lie cer- 
tainly deserves eneouriigenMmt . 1 agree with Proh^iSor 

Porhes that it would l)e niucli for llit* interest of railroad 
proprietors,’’ and still more for the int(U(,'st of (‘oni[)ani(!.s who 
use stationary eiigiiies, to taki> up the sabject and to imuir 
the expense of making experiiiKuils, on n large senUu on the 
b(?st method of applying electro-magnetism to the working of 
niachiiuTV. 1 am liilly convinced l)y the experiments of 
Professor Jaoohi and of Mr. Davidson, and still ijioro l>y 
my own, that electro-magnetism will ere long ht' .su!)st itiit«‘d 
for steam. T intend to send } on, as soon as convenient, an 
account of the principal ('xjun'innud s which I hav*» made lor 
tlu; purpose of a.'Ccu'laining tliv* best means of employ ing 
electro-magnelisin as a moving pow«'r. 

1 have the honour to n'iiiain, 

our vci'v ohe<lic]iT hiniibh' servant, 

‘ CM. LAN 


Jlrflfod (hv .drsrn if rrt ted , from llivAnii- 

ntOif 'turrNt^d I If/fh'ffiLri'/f (Jifs, /> // J hnn ir-soft M\x. 

M l\e inetaliiirctted hydi’ogeii gas for e\anjinali(;n la'ing 
ignited at a je^^, a piece of porcelain is held over it till a<iark 
speck is pi*(>tin.'iiik i he sper-k is sin n moistened w'ith adroji 
of nitro-inurij^ilie acid. M Iwu by adding a drop of th(‘ aque- 
ous solution ot sulpbureited hydrogen a pre*'‘ip*ilalion lakes 
j>lace. If the tested gas he ar.s.*nurel ted hydrogen the. j)reci- 
pitated suh.-itance is of a f/fd/aw ro/fjur: hut if it he 

aiitimoniurettcd liydrogen tlu^ pfecipilated substance is of a 
<Ie(?p colour. Tin; dillertmct; of colour is so distinct, 

tliat no one can ini.slake the one from the otiicr. 3 lie whole 
process i.s ex(.‘cedingly simple and may be perfornje<l in a dew 
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3'lie method has lately hnen j[;iven l)y Mr. Marsh. 

Th(i |)ie<^c of gli!ss or poreelaiii iuleiuhnl to receive the metal- 
lie crusts is to have a drop of di.slillftd water placed on it : 
and theii^ with the drop of water on the lower surface, held a 
little above the^ apex of the cone of llaine of the l>urning gas 
whi(jh is issuing from tin? jet. If arsenic lie the metal iu the 
hydrogetj,^ arsenical ^i^dd formed by this process is dissolved 
by the drop of wal<?r, mul is is easily detect<‘d by a drop of 
the ammoniacal nitrite of silver, wdiich immediately jmxluces 
the arsenilo of oxide of silvm', which is of a lemon yellow 

colour. If autinioiiy !)('. tho initial iu combination with the 

hydrogen gas under (examination, no suc‘h resull is prodiuted 
by this proco>s. W heu inu(‘h arsenic is piavsent it will bo 
advantageous to employ a clean glass ijil)e. about six int‘ln*s 
long, and sligbtl> moist<nied insitl*' with fli.stilliMl water, 
d'he tub(\ thus prepared, is to Ix' held vtntically over the 
llame of tin? burning gas, and a strong solution of the sub- 
stance is soon obtained, which may be tested as before stated. 


• My d»‘ar Sir, 

\ our corn'spuudtml , C. IJarkcT, ICscp. has nf)tici»d my (pies- 
tion ill your Annals bu' dune Is:'>S, respecting the spotted jar. 
If h(' (lid not obs(?rve the appearance of tlie sparks as I then 
staled, it is possil»U‘ J may have betui mislakiui ; it is many 
} cars ago since ♦ noticed what 1 rcMuaikisl. d'o save? the 
trouble* of fixing spots on tlie iiisidi' of a Ia\vden jiir, I lined 
it with plum tinibil, iwid an thi*outsid( fixt'd very small spots 
the si'/(? of those used lor spiral tu!h .s. Now. the piei e> of 
tinfoil lading so diminutivi*. tlu'v ciUi’ cl liol I but a small \H)r- 
lion of electricity, and therrbnx* tin? sjiark might be aluujst 
imj)cre<*plible. I regret not having leisure to try ar.oilier jar 
lined with plain tinfoil, for, if it ans\\t*.s, a gr<^‘U saving of 
trouble is eHeeltHL • 

r feel gn*atly oblig(?d to Mr. Harktu* for remuuliiig me of 
this eireumsrtinee, as it gives me an oppoit unity of eovrt eting 
a mistake ; and also for (he valuable information contaiiu'd 
in his letter ins(;rted in the last No. of your Annuls, llis 
lecommeiidation of aii iiisuluted stand is well deser\ ingthe 
att(?nlion of all expt'rimewtc'rs ; 1 luivc^ nsi'jd it for sexu'ral years 
to exhibit tlie ele(‘lri(r ily, orc'ry, dancing figures, <!s:e. but 
laldiy it (X'eurred to me that a resinous plate about I - inches 
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tAV . — On theConuoction hehcevn Eloctriritynud Veyctntiou 
By Thomas Pixe, l-isq. (llosuiiicd from ])agc 250.) 

If the air in a state of purity imparts a strong electric 
excitement to thcj omhrios (»f })lants, and thus produces a 
eommencing movement in the vegetable juices, no sooner is 
the, germ beginning to open tluui it era\ cis thii inllnence of 
vapours to maiutuiy its increasing vitalitr, aiid jiromote its 
grcjwtli. M^cordingly it is cuidowed with powerful conducting 
qualities in its stnieture and ftmctions suited to the new element 
on whielt it has to act. The low springing herb, anrf the', 
shooting* ami slightly expanding leaf of every description arc 
now olfered to our notice. For the fixed, figid, texture of the 
seed and bud, is sidwtituted the lithe, elongjited, but acutely 
edged and pointed, form ol' the leaf, waving with every’ brcieze, 
as if to catch and appropriate to its use ewery approaching 
vajeour. 'ritcse most inten.se attractors of electricity find it in 
the atmospheres of vapours as they’ gradually comlense into 
the liquid state. In nothing is it more conspicuous tliau in thi^ 
action of the tender herd upon the morning dew. The creeping 
species are tlie most remuikable/or this quality, as they receive 
their watering in a great de^ee, particularly on fine summer 
mornings, from the dew which tlien appears to arise from the 
VoL.J[V.— No.24, Aprils 1840. F f 
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soil and to undergo a condensation from the attraction of tlie 
young leaves, aided probably by the cold producx'd by the 
evaporation. The down of the leaf, distinctly disceniablo only 
by the microscope, is in this case tlie principle organ of attrac- 
tion, of which that ol‘ the Hinnchf^rry^ affords one of the most 
remarkable specimens. Wlien in its growilig state, its fine 
‘nepdU\s*y jdaced at con cent ent tlistances from each other, ex- 
hibit at each point lx transparent globule at a considerable dis- 
tance from the vsurtace of the loai*. 

The same c fleet is obseiwablc as the general attendant of the 
settling of dtnv on the herbijge, and on the early shooting of 
plants. Observing the dew on soine^ liorbs on which no down 
was apparent to the naked eye, 1 found on a miiiuto microscopic 
inspection, that points of extreme tenuity were the age^nts in 
producing the watery effusion. This agency is peculiarly 
conspicuous in the rryetahle marrow^ the stmn and leaves of 
which are every where bristling with fd>rils, to wliose acute 
extxemities tljc glohulc^s attach. A beautiful display of the 
principle* appears in the herb (‘alU»d alpim* fraU ; the 
leaves of which are furnished with innumerable stems ])iTpen- 
dicular to eitln'r surfac'C, and branching out into four iu*(*dles 
after the nianiK'r of our metallic protectors ; at evc*iT ])oiiit of 
Avhich a glol)ule attaelies, while a larfS:er globuh* is formed at 
tlieir common centre. What but that jx^euliarly tmergetic 
property of electric attraction w ith which all veg(‘lating points 
arc endowed, can lane operated to ])roduee this c*ffect ? J'he 
coiidcnsiimvapoiu* exudes its latent iuipoiulerabh* fluid, wliich, 
entering tnc jhivins of the leaf, leaves a portion of water in the 
li([uid state upon its surface; while a larger ])ortion j)rol)al)ly 
descends more eomidotclv (h^prived of its electric matter to 
the roots ; thus funiishiiig an <^])portui1ity for its action from 
above in eaiisiiig the absorption of tlu^ iifjuid forming the 
materials of the sap, through the ex(^ui^itely niinntt* ehannels 
of th#* stem, from the inimnierable storms at the ramifying 
i*xtr(uiiities ! A jiowerful attraction is thus manifested fiy each 
niimite vegetable ])omt for llie. floating vapours, w bich, opiaating 
in conjuciion with a low' temperature deprives tlunn of their 
gaseous caloric, ami reduct's them to their liejuid state. Th(*.*‘e 
points being exquisiii* condm^ors of electricity, and acting 
with peculiar enbrgy ,as such, upon tlio clouds and vapours of the 
atmosphere -and at consideraVdc distanecjs, can ^t be (jnestioned 
that this is the species of attraction tliat they have exerted in 
condensing th<i vapour, and attaching the licpiid water to their 
extremities ; that a portion of the subtile fluid has been inibib(*d 
by the leaf, and through the 'channels of the wood, which 
from their extreme minuteness may bo considered as so many 
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tabulated points* l>y wliicli the electric influence is acting 
with the greatest possible efficacy on the rising sap. It is 
thits made to mount and spread, and impart vital energy and 
expansion to -the whole plant. The same principle which 
acting from the pnre air produces a first vegetable excitement 
on the prepared materials of tlx) seeds* and buds, and the 
commencing shoots, and which so evidently operates in pro- 
])ortion as it is increased by natural or artificial means in 
promoting this result, is now administered in much larger 
quantities thtougli points of far fj-eater number and efficacy, 
and conveys ^rith it one of the most essential ingredients of 
nutrition; and thus the source of increasing vitality and an 
essential material of growth and vigour an', furnished bv the 
same process. • 

By a similar *proc ('Rs, the loftier ])lants ami more advanced 
vegetatyni receive a like vitalizing and nutritive inilnenco 
from the clouds and vapours. Tlu' u})per biiinclii's and spread- 
ing raiuificatioiis of tin*, trees must act witli great energy, and 
with little interruption irom any eonligiious bodies, on the 
clouded atuosjdiere whieli f(»nns around them witli every 
aiqiroaching s1iov;<m*. They are, well known to be strong 
attracters of clomls ; and it has l)<*eu observed, that in insular 
or deta(dn*d situations in wliicl) a lew titles form the solo 
attracters, th(‘ atmos])lien‘ of vjqxnir is in a great degree 
eonlined to tln‘ir sunnnits, ami they hav(' been di'seribed as so 
many “ alembics” from whoso loavt^s water is coniiimally 
"‘distilled,” and tliat ‘‘in some <)f the smaller islands of the 
West Indi<*s, ivln'n' tlnuv an? mi rivens or springs, the people 
are supplied witli v.ater meri‘)y by the dripjiing of large tiill 
trees, winch, standing in •tht* b(»som of a inqiintain, keep their 
heads constantly inv^loped in fogs and clouds, from whence 
they disjumse their kindly iievi'r-i i’asing moisture But as 
1 am acipyiinted with no farts which so distinctly manifest 4:he 


^ ♦ i'hnii^li inhrx cannot in ^Iricliiosa bo pnititx^ yet as fhosc iintnral tubes 

bored by tjie divine band with a minuTeiioss preoistdy adapting: thorn for the 
ucti(»ii of a tUiid which was ascertained by the nuincrons experunents of the 
Abb»^ NoUct, to promote the ttow of lutuids throuerh tubes, ii\dct^rccs increas* 
iiijf with their ininuteuuss, and as they approach by many dei^Tces nearer to 
physical points than any that can be discerned by our unaided vision, I have 
used the above expression the more efiectually to convey an idea of their 
conductings power. And when It is considered that the solid matter through 
which they arc bored is a couiplotc H€m*c(mductor^ coiitining the action of the 
electricity entirely to the liquids contained in the tubes, they must, 1 think, 
be seen to be performing the fimetions eT exquisite electrical points iu pro- 
moting the rise and How of tlie vcge^ible juices. 

f White’s “ Natural History of Scilioni.’* 
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agency of plants in depriving vapour of electricity, as those 
which appear in several experiments made by J. Williams, 
as related by him in his ‘‘ Climate of Great Britain,” I shall 
extract the particulars from his valuable work,, to be inserted 
if it be thought requisite for the convenience of your readers, 
as an appendix to these remarks.. 

It is easy to see that several important consequences, highly 
beneficial to the animal as well as the vegetable system, must 
result from this arrangement. The attraction of the leaves 
must operate to produce the condensation of the. vapours, at 
much higher temperatures,' and in a more gentle' and bene- 
ficial manner than could be effected by the mere action of 
cold; and as large quantities of the subtile fluid are thus 
graduadly imbibed into the substance of plants, and in part 
transmitted to the earth, injurious accumulations ef it in the 
atmosphere are averted. I conceive that in the absence of 
plants when there could be no cause of the condensation of 
vapours, except a "low temperature,, and were considerable 

S uantities of aqueous gas actually formed in the atmosphere, 
le result must be, that no condensation would be effected 
till the cold had become extreme, when there would be a 
sudden immense percipitation of vapour, and its gaseous 
caloric being as suddenly set loose, a portion of it would 
rapidly combine with the particles of air, thus heating and 
rarifying it to an extraordinary degree, and another portion 
remaining in a state of separation from any gravitating matter 
would e^xhibit electrical phoenomcna in degrees which must 
greatly disturb the harmony of nature, and produce tlie 
most disastrous effects. There are some 'neglected or unpro- 
ductive districts where an approach, to ward diis condition of 
the elements has been experienced, of which I find the follow- 
ing general description. In countries which are 'uncultivated 

the weather is generally in extremes. Rain whep it falls 
takes the form of an overwhelming flood, not gently entering 
and moistening the soil, but rushing along the surface, tearing 
up one place, stfewing another with deftris, and reducing 
both to estate of indiscriminate ruin^ while scarcely has the* 
flood gone by, when the returning heat evaporates the little 
moisture which is left behind, and bums-up the coarse and 
scanty vegetation which the rains have fostered.” Of the 
salutary change from such a state to one in which the extremes 
of cold and heat, of moisture and diyness, have been greatly 
mitigated with the progress of oulUvation, an example is 
all^d from the central part of Scotland.* No particular 

of Uisful Ksowtedge" Vol. xv. Part I,, pp. a,. 3< The. 
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notice is he^e taken of the electrical phoenomena attendant 
upon the other extremes, nor on the effects produced by an 
improved vegetation in softening their character ; but it is 
well known, that intense heats and sudden depositions of 
water arc the ordinary precursors and attendants of strokes 
of lightning. One of the heaviest and most sudden sheets 
of rain that has fallen under my observation, and indeed, 1 
think it considerably exceeded any that 1 had previously 
experienced, was* accompanied with a still more extraordinary 
display of^ lightning, the fluid ^flying with zig-z^ course 
incessantly in all directions, and occasionally sweeping round 
and exhibiting to view the whole black concave whence it 
issued ! — Storms and hurricanes are very much the attendants 
of a partial anjd irregular distribution of plants, such as is 
incident to uncultivated spots,* and in high latitudes where 
there is a large effusion of the solar beams; — ^but more 
especially over small, rich, cultivated chynos in islands sur- 
rounded by the ocean. Tlie heavy accumulations of clouds, 
and rains on those spots, particularly when the winds set in a 
corresponding direction, are the well known accompanyments 
of those terrific electrical discharges which are occasionally 
witnessed in the islands of the western ocean. Since the 
temperature in those latitudes is seldom sufficiently reduced 
to be of much avail in the condensing process, the attraction 
of lofty and luxurient trees is almost the sole instrument in 
producing the effect, and the immense quantities of caloric 
which are abstracted by evaporation from tlfe ocean 
and plants united arc concentrated on the devoted spots; 
the consequences are those prodigious discharges of water. 


particulars wf ^his chani^c are as follows ; ” Within the experience of persons 
stilNivin^, the snow which in that country bcKun to fall in November, was 
not wbolly^oue until the nioiith of April ; while in the middle of Summer 
the heat was so excessive, that agricultural labourers were obliged so suspend 
their toil (Turing four or tire hours in tht? middle of the day. At that time 
the autumnal rains fre(|ucntly descended with so much violence, that the 
crops which had been retarded by the coldness of the spring, were prevented 
from ripening in the high grounds, were lodged and rotted in the lands that 
were lower, and swept away by the swelling of the streams over the holms 
and meadows. In the same' spots at the present day, the uuantity of snow 
which usually falls during the winter, is comparatively smhll, appears rarely 
before Christmas, and is gone in February or early in March. The summer 
heat is more uniforfhly distributed, seldom amounting to a degree oppressive 
to the labourer, or protracted to a term ii\)urious to the crops, while the 
rain which follows is neither so violent in degree, nor so long continued, and 
happening when the grain is far advanced toward ripeness, the iitiuiy which 
it docs is comparatively trifling.” ibidk pp. 3, 4. 

* duslrulm is one of the uncifltivated spots instaneed under the above 
general description. 
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of heat, aud of electricity which are incidci>t to those 
islands. 

The co-operation of cold and of vegetation, in producifig 
the condensation of vapours, or rather perhap.s their respec- 
tive effects in the absence of each other forms of itself a 
curious and iiiteresting subject of inquiry ? Wlien the sun’s 
rays are so few and 'inefficient as to leave the ordinary tem- 
perature of the atmosphere considerably below the point at 
which vapour is transformed into water, they rarely if ever 
produce any electrical effects upon, or very near, the earth’s 
surface. But when the temperature .advances considerably 
above that point, there appears eto be no other means of 
counteracting their tendency to float loosely in the atmosphere, 
and appear in the form of electricity in tlcgrees which must 
prove highly injurious, but by their uniting wkh water in the 
form of vapour. 'I'his they do in the first instance from the 
ocean, seas, and rivers; but as they aceuinulate over p, ar- 
ticular spots, the Jigoncy of plants becomes more and more 
necessary in aiding the process, and in so apj)ropriatiug and 
disposing of the vapours as to render them most ofl’cetive both 
in carrying forward their own progressive advancement, and 
in protecting animals against the ('fleet of extreme heat and 
pernicious aecumulations of electricity. But a better oppor- 
tunity will be aftbrded of treating of this subject in reviewing 
the state of vegetation in its most advanced stages. 

It may deserve consideration how far the carbonic acid 
operates as a mean of exalting the eonducling efficacy of 
plants, since they appear to live and thrive! in proportion as a 
sufficient supply of this acid in its combination with water, is 
furnished to the roots. A sjwig of mint, though peculiarly 
adapted to live aud strike root in water, Rightly impregnated 
with this gas, will speedily wither in water froi.i which all 
access of this gas is excluded. If 1 might be allowed* to 
conolude this jiaper with a conjecture concerning the superior 
conducting efn(!acy of vegetable points above those of metals 
and all other subsfanccs, and that notwithstanding the strong 
non-conducting property of their solids, it should be by a 
reference to the expaneive nature of all growing substances, 
in which thfcy greatly exceed even metals, togetlK'v with the 
quantity of oxygen which is conveyed by means of the acid 
and water to the positive electricity from tlie upper extre- 
mities of the plant, while the remaining elements of carbon 
and hydrogen uncler the influence of negative electricity, 
combine to form die larger portion, of the materials of the 
produce. ITie solid portion of the leaves is I believe known 
to be principally composed of those two elements, and their 
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nllraction for the carbonic acid from the atmosphere, when it 
is decomposed, and yields pui*e oxygen eras uiidcr*the influ- 
ehcc of tlic sun*s rays, while the carbon is retained, strongly 
favours the t-onclusion ; and the ripening process of fruits, 
which seems to Be in a great degree eflected by the extraction 
of oxygen from their juices under the siMne influence, allowing 
those rays, to be positively electrical, teifds to its confirma- 
tioji. liydrogep seems to be a promoter of the green colour 
of the leaves, as plants confined in this gas improve in green- 
ness, am^ The discovery, of the decomposition of water in 
vegetation by JMr. VVe^'ks, enables us to perceive that 
hydrogen is supplied to plants from water, no less eertainly 
than eaibun from the carbonic acid. I appndiend that elec- 
Iricit}' will be^allowed to be an essential agent in produi'ing 
(licsc decompositions. We arc here reminded of a nalcineiit 
of l)i\ Darwin, that “tlu' ])roduction of oxygon gas from 
green l(*aves, and otlnn* gn'eii vegetablij inattiu’ is probably 
owing to the decomposition of the water perspired by the 
plant, and as the oxygen nny be expand(*d into gas by the 
sun’s light, tli(‘ hydrogmi may be detained in the pores of the 
vegetables, lienees jdaiits growing in the ^bade arc white, 
.and bo(!oino green by i)eing exposed to the sun's light, for 
their natural eoloiu* being blue, the addition of hycirogen adds 
yellow to the blue, ami tlioiii green.” It does indeed 

seem to be higlily }u*oba.blc that as carbon and hydrogen, 
when sejiaratiMl from oxygen us they probably are hi the most 
perfect manner in the h*aves of plants, by the poteTit agency 
to which they an* e\p(j>e(l from tlu* >olar rays, .^bould unite 
in forming llie substanee and colour of the b*af. And to 
what but electricitv (U* 'galvanism can we^isrribe this twofold 
decomposition amt recom[)osition in tlie prcnhiction of the 
sul^stanee ami beaiiiifnl eoni[)ouiul colour wlhcli distinguishes 
the vegetable kingdom ! • 


Fro?n Air. IVilliamfi C/imafe of' Great lirilain^" with 
Remarks. 


His chajiter on “the power of Vegltabies to deprive A’apour 
of its Eleetrieit^v,” iS:e. abounds in e\idenee of the principles 
we are mnintaiiiiiig: but as bis views in se\eral re^pe(‘ts do 
not i oiiieide with ibe objee'is for wliieb they are here julduceti, 
I shall aeeoinpauy thc^ extracts with suca obsci vaiu>ns as may 

throw some further light' upon fheir principles He says p. (>3 

that “he was principally let! to the eoiisidoration of this pro- 
perty ^in vegetables by remarking the drops of >vater on the? 
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qdges and angular points of the leaves of gras» about sun^ 
setting, before any general precipitation of nocturnal dew 
was perceptable ; and from observing that trees and hctlgcs 
occasioned a precipitation of fog, when attended with a gentle 
wind, but not in a calm . — “This important fact” he had 
“repeadedly verified” by the use of the clectrosoope. “ Upon 
the 15th and iGth days of September, 1805,” he writes “there 
was a very dense fog. On the morning of the 15th it was 
attended with a perfect calm : the trees and hedges being 
loaded with dew ; but no precipitation of tlu' fog, and 
the electricity strongly poskive; at eight A. M. il began to 
clear away ; and at ten A- M. the Kun slionc bright, and the 
day was tolerably fair. On the following morning the fog 
was equally dense ; but about seven A. M a gentle wind 
arose from the south, which bringing ne\ir partitdes of 
vapour within the conducting influence of trees and hedges, 
occasioned a copious fall of vapour from their leaves and 
small branches, but "no general precipitation occurrtid.” In 
general he observes that “if the electroscope shows signs of 
electricity it ceases to do so when brought within six or ten 
feet of a tree, or hedge, owing to the power these possess of 
drawing off tlie electricity of the vapour which cotnes within 
the power of attraction.” This jwwcr may be rather refera- 
ble to the general electricity of the atmosphere than of the 
vapours which arc diffused through it, especially if no vapours 
are visible, since it may be (juestioned whether in a partially 
condensed state, or on their having been recently condensed 
by the conducting agency of plants a larger portion of the 
fluid may not float for a time in their vicinity tlian in situations 
in which the vapours remain in a state of transparent gas 
having no electricul atmosphere around them. But on the 
experiments on fogs we see a clear exemplification of the 
agency of vegitation, especially when assisted by \yinds, in 
causlhg the condensation of vapours to their liquid state at 
temperatures in which in its absence they would"* remain 
partially condenseef yet floating in the atmosphere. It must 
also assist in causing a further precipitation by keeping the 
temperature comparatively low in consequence of the quanti- 
ties of the ffuid it imbibes, and which would were the whole of 
what formed the caloric of vapour diffused through the 
atmosphere raise it to a temperature that wbuld operate to 
prevent the process of precipitation from proceeding. In 
like manner it must avert dangerous accumulations of elec- 
tricity, for a portion only of the fluid which is set loose by the 
previous cold, entering into combination with the particles of 
air, the remaining portion must float in an uncombined elec- 
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trical state, *and animal life unprotected by the conducting 
agency of plants must be exposed to frequent attacks. What 
are the pestilential simoons of Arabia, but electric matter 
bursting fronr an atmosphere already charged with it, and 
which finding no* medium of conveyance or opportunity of 
distribntion, But through the bojlics of animals thus exposed 
to its influence, produces effects upon the frame equalling or 
exceeding that of a powerful galvanic battery. 

I’he foilowing*beautiful cx[)eriment clearly shews the exis-* 
tence of anP electric atmosphere aronnd the surface of vapour 
as it condenccs by cooling, and tfiat it is attracted and absor- 
bed by the leaves of plants. “ 'I'o the cap of a gold-leaf 
electroscope, I affixed a horizontal support for a candle, 
which projected two feet from the cap of the instrument 
placed near the edge of a table ; on the floor immediately 
below .was an eathern vessel containing hot water about one 
inch in depth ; the candle being lighted, Jwo or three red hot 
embers were dropped into the vessel of w'ater, which instantly 
raised a' sudden cloud of vapour; the electricity of this being 
collected by the candle connected with the electroscope, the 
gold leaf opened suddenly and struck the sides positively. 
Some branches of trees with their foliage were now placed 
between the vessel on the floor and the candle ; the experi- 
ment being repeated the vapour passed through the interstices 
of the boughs but the electroscope opened only half an inch ; 
more boughs were now added and slightly sprinkled with 
water to incrciisc their conducting power, the experflment was 
again repeated ; a groat part of the vapour still made its way 
through the interstices of the leaves and branches, but so 
completely deprived of* its electricity that the gold leaf did 
not diverge in the sinallost degree.” — pp. fSjTf— ♦he effect of 
tlic sprinkling of the water was probably to aid a little in the 
condensation by its cooling influence, and thus to add rather 
to the quantity of eleetrict matter discharged than by its far 
inferior conducting agency to that of liviug leaves to aid in 
its removal, 'riic great efficacy of the leaves in absorbing 
the fluid is thus rendered strikingly a])parcnt ; the continu- 
ance of a great portion of the vapour in an uncondensed state 
must have been the consequent of the raised* temperature ; 
In nature temperature and vegitable attraction are often so 
admirably arranged that the vapour disappears, and a clear, 
mild, and moderately electrified atmosphere is the frequent 
result of their cooperation. 
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On ttie several species uf vapours. 

It may not be improper here to observe that there appears 
to be a threefold provision in nature for the irri^^ion of plants 
of different magnitAides and under different circumstances. The 
clouds which sail aloft are the evident result of the atrtion of 
the solar beams upon the waters ; and these are much devo- 
ted to the larger and loftier vegetation. After a drying day 
the creeping species and thd forming shoots of plants require 
immediate moisture, and it accuiftnlates upon them in the 
absence of the sun in the form of dews, the sources of which 
have been differe»itl)’ ascribed eitlnrr ro a concentration of the 
cooling attnosj)here, or to a rise of vapmir from the soil in a 
similar state of cooling. My own (drservations hy glasses 
inverted upon the soil during the night season have been 
altogether in favour of the latter conclnsion. They are uni- 
formly wetted internally in quantiti(*s proportioned to the dew 
which appears upon the herbage, and its disappearance is accom- 
panied with that of the wetness in the glasses even though they 
remain inverted on the soil. It is indeed a curious circum- 
stance which I have proved by repeated observations that in 
a clear still atmosphere in the sun’s absence when dew is 
forming, a corresponding wetness appears on the internal sur- 
face of any vessel whether of glass or earthoiware which is 
inverted on the soil ; and on the other hand when thi're is an 
opposite tendency in the atmosphere, when it inclines to the 
formation of clouds and rain, an opposite effect will appear in 
the inverted vessel, no moisture w ill arise in it from the soil, 
and if anylild bccfi previously formed iu<it, oris ptrojluced, 
as by breathing, it will presently disappear. Are not these 
phaujoracna ascrihahle to variations in l lie relativii elecAricity in 
the soil and the atmosphere, co-operating probably with cor- 
responding changej> of temperature i' In the sun’s absence 
no evaporation proceeds from plants, the atmosphere coo!s and 
becomes less impregnated with electric matter, the soil retains 
a larger pro4)ortion of warmth and ele«-tricity it had imbibed in 
the preceding day, than the atmosphere and tin; moistur« 
which by the sun's rays is drawn thr<iugh the leaves, remaining* 
also in the soil, combines with the warmth and electricity to 
form a rising vapour ; the evajioration produces a coolness on 
the surface of the ground, which co-operating with the strong 
attraction of the young and almost exiiausted germs and herl^ 
nae condences the vapour, and (thus a seasonable supply of 
electricity and moisture with an improved temperature is ad- 
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ministered to these minute and tender productions. This 
appears to bo the case when the atmosphere clears in the sun’s 
absence and a transparent sky is seen, the particles of electri- 
city and of moisture in its combining into pure aqueous gas, and 
leaving it in a du^' and comparatively negative state ; hut vrhen 
an opposite ffendency prevails and the atj;nosphere becomes suf- 
fused with clouds and vapours, the caloric and electricity of these 
vapours being released from an opposite relation to the soil 
wliich is now cbmparatively cool and negatively electrical, 
and conserjuently in a condition to absorb the moisture and 
electricit;^ of the condensing vajfbnr. I'his condition of tlie 
soil imparts a corrcspondttig state to the plants which extends 
to their ujiper oxtrcniities, an<l hence a general disposition 
both in the soil an<l plants to imbibe the combined vitality and 
nutriment whlth is thus inq)arted to them. 

Fogs appear to have a somewhat ditlerent origin from 
cither clouds or dews. 'i'huy arc chiefly prevalent in the 
winter an<l late autumn seasons ; and seem to result from a 
condensation in the lower regions of the atmosphere by the 
action of cold in the sun’s absence, or in part from the imper- 
fect action of his few and languid rays in raising vapour from 
a previously moistcued soil. The plants then in a state of 
vevetation being evergreen shrubs and quickset hedges, 
chiefly, the moisture attaches to them in large quantities, and 
seems to furnish them with a supply of nutriment in its 
union with electric matter that greatly conduces to their sup- 
port and progress, at seasons when the more actU e species 
are nearly dormant. 


LX VI. Extract ^rom the Instructions* for ike Scientific 
Exjmlitiun to the Antarctic Jtcyions. prepared by the Pre- 
sidetU and Council of the Royal Society*. , 

• PHYSICS AND METEOROLOGY. 

The council of the royal society are very strongly impres- 
sed with the number and importance of the desiderata in 


• The President and Council having: been informed by the Lord.s Ctnumis- 
sioners of the Admiralty llnil it liad been determined* in eonformity with 
their recumineiidation, to hciid out captain James C'. Koss on an Antarctic 
Expedition forscientiho objects, and having; been re^picsted ti» eoiniiiuiiieate 
anv su^^i^cstions upon subject.!^ to which they might wish his atteutiou to be 
called, referred the consideration of each to distinct Coniniitieos, namely, 
those of Physics, MeteorologTy ti^ology, Botany, and Zoolog:y, the result of 
whose labours is the Report from which die above is an extract. — Ed. 



432 


Instructions for the Sdentific 

physical and meteorological science, which may wholly or in 
part be supplied by observations made under such highly 
favourable and encouraging circumstances as those afforded 
by the liberality of her majesty’s government on this occasion. 
While they wish therefore to omit nothing ill their enumera- 
tion of those object* which appear to them deserving of 
attentive inquiry on sound scientific grounds, and from which 
consequences may be drawn of real importance, either for the 
settlement of disputed questions, or for the advancement of 
knowledge in any of its branches, — they deem it equally their 
duty to omit or pass lightly over several points which, although 
not without a certain degree of interest, may yet be regarded 
in the present state of science rather as matters of abstract 
curiosity than as affording data for strict reasoning ; as well as 
Others, which may be equally well or better elucidated by 
inquiries instituted at home and at leasurc. 

Tkrrestrial Magnetism. 

The subject of most importance, beyond all question, to 
which the attention of Captain James Clark Ross and his 
officers can be turned, — and that which must he considered as, 
in an emphatic manner, the great scientific object of 
the expedition, — is that of Terrestrial Magnetism ; and this 
will be considered : 1st, as regards those aitccssions to our 
Knowledge which may be supplied by observations to be made 
during the progress of the expedition, independently of any 
concert with or co-operation of other observers ; and 2ndly, as 
regards thosewhich depend on and require such concert ; and 
are therefore to be considered with rcfewmccto the observations 
about to be earned bn simultaneously in th«. fixed magnetic ob- 
servatories, ordered to be established by Her** Majesty’s 
Government with this especial view, and in the other,, similar 
observatories, both public and private, in Europe, India, and 
elsewhere, with whjch it is intended to open and maintain a 
correspondence. 

Now it may be observed, that these two classes of observa- 
tions naturqlly refer themselves to two chief branches into 
which the scieqee of terrestrial magnetism in its present state 
subdivides itself, and which bear a certain analogy to the 
theories of the elliptic movements of the plandts, aim of their 
periodical and secular perturbations. The first comprehends 
the actual distribution of magnetic influence over the globe, 
at the present epoch, in its moan to arverage state, when the 
effects of temporary fluctuations arc either neglected or elimi- 
nated by extending the observations over a sufficient time to 
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neutralize t^^eir effects. The other comprises the history of all 
that is not permanent in the phsenomena, whether it appear in 
the form of momentary, daily, monthly, or annual cfiange and 
restoration, or in progressive changes not compensated by 
counter changes^ but going on continually accumulating in one 
direction, so as in the course of many years to alter the mean 
amount of the quantities observed. These last-mentioned 
changes hold the same place, in the analogy alluded to, with 
reapeet to the mean quantities and temporary fluctuations, 
that the secular variations in the planetary movements must 
be regardca as holding, with respect to their mean orbits on 
the one hand, and their [^rturbations of brief period on the 
other. 

'riierc is, however, this difference, that in tlio planetary 
theory all tlxjsc varieties of effect have b*een satisfactorily 
traced up to a single cause, whereas in that of terrestrial 
magnetism this is so far from being demonstrably the case, 
that the contrary is not destitute of considerable probability. 
In fact, the great features of the magnetic curves, and their 
general displacements and changes of form over the whole 
surface of the earth, would seem to be the result of causes 
acting in the interior of the earth, and pervatling its whole 
mass; while the annual and diurnal variations of the needle, 
with their train of subordinate periodical movements, may, 
and very probably do arise from, and correspond to electric 
currents produced by periodical variations of temperature at 
its surface, due to the sun’s position above the horizon, or in 
the ecliptu;, modified by local causes ; while local or temporary 
electric discharges, due to the thermic, chemical, or mechani- 
cal causes, acting in the higher regions of the atmosphere, and 
relieving themselves irregularly or at intervals, may serve to 
render aocount oT those unceasing, as tliey seem to us 
casual movements, w’hich recent observations have placed in 
so cons{)icuous and interesting a light. The electrodyiJamic 
theory, •which refers all magnetism to electric currents, is 
silent as to the causes of those currents, Vhich may be vari- 
ous, and which only the analysis of their effects caxi teach us 
to regard as internal, superficial, or atmospheric. 

it is not merely for the use of navigators that charts, giving 
a general view of the lines of magnetic declination, inclina- 
tion, and intensity, arc necessary. Such charts, could they 
really be dependeti on, and where they in any degree com- 
plete, would be of the most eminent use to the theoretical 
inquirer, not only as general directions in the choice of empi- 
rical forinuhe, but as po^’criul instruments for facilitating 
numerical investigation, by the choice they afford of data 
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favourably arranged ; and above all, as affording decidedly 
the best nieans of compairing any given theory witli observa- 
tion. In fact, ujion the whole, the readiest, and beyond 
comparison the fairest and most effectual mode pf testing the 
numerical applicability of a theory of terrestrial magnetism, 
would be, not servilely to calculate its results for given locali- 
ties, however numerous, and thereby load its apparent errors 
with the real errors, both of observation and local magnetism, 
but to compare the totality of the lines in ouf charts with (lie 
corresponding linos, as they result from the fomulm to be 
tested, when their general agrccmonl or disagreemerd; will not 
only show how far the latter truly represent the facts, but 
will furnish distinct indications of the modifications they 
reqiiire. 

IJnfortunately for the progress of our theories, however, 
we are yet very far from possessing (charts even of that ono 
element, tho l)eclination, most useful to the navigator, M'hich 
satisfy these recpiisifes; while as respects the others (the 
Inclination and Intensity) tho most lamentable (lelieiences 
occur, especially in the Antarctic regions. 'Fo make good 
these deficiencies by the continual practice of every mode of 
observation appropriate to the circumstances in which tho 
observer is placed throughout the voyage, will he one of the 
great objects to which attention must he directeil. And 
first — 

At sea . — We arc not to expect from magnetic observations 
made at sea the precision of which they arc susceptible on 
land. Nevcrtliolcss, it has been ascertained that not only the 
Declination, but the Inclination and Inte'iisity can he obser- 
ved, in moderate circumstances of weather .and sea, wiih 
sufficient correctness, to afford most useful and valuable 
information, if patience be bestowed, and proper ])', eitautions 
adopted. The total intensity, it is ascertained, can be mea- 
sured* with some considerahle degri'c of <‘ortaiuty by the 
adoption of a statical method of observation recently dirvised 
by Mr. Fox, whose' instrument will be a part of the appara- 
tus provided. And when it is recollected that hut for such 
observations the whole of that part of the globe which 
is covered by thp ocean must remain for ever a blank in our 
charts, it will be needless further to insist on the necessity of 
making a daily scries of magnetic observations, in all the three 
particulars above-mentioned, whenever weatlier and sea will 
permit, an essential feature in the business of the voyage, in 
both ships. Magnetic ohservajions at. sea will, of course be 
affected by the ship’s magnetism, aed this must be eliminated 
to obtain results ot any service. 'I'o this end, 
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First. Every series of observations made on board should 
be accompanied with a notice of the direction by compass of 
the ship’s head at the tim«\ * 

Secondly. Previous to sailing, a very careful series of the 
apparent deviations, as shown by two compasses permanently 
fixed, (the one s!k usual, the oilier in a convenient position, 
considerably more forward in the fihip,) inpevery position of the 
ship’s head, as compared with the real position of the ship, 
should be inadc^ and recorded, with a view to attempt 
procuring the constants of the ship’s action according to M. 
Poisson’s tj[i?ory* ; and this proejess should be repeated on 
one or more convenient occasions during the voyage ; and, 
generally, while at anchor, every opportunity should be taken 
of swinging round the ship's head to the four cardinal points, 
and executing in each position a complete sertes of the usual 
observations. 

Thirdly. Wherever magnetic instruments arc landed and 
observations made on ferra Jinaa^ or on k-e, the opportunity 
should be seized of going through the regular series on ship- 
board with more than usual diligeneo and care, so as to estab- 
lish by actual experiment in tlie only unexceptionable manner 
the nature and amount of the corrections due to the ship’s 
action for tliat jiarlicular geographical position, and by the 
assemblage of all such observations to afford data for conclu- 
ding them in general. 

Fourthly. No change possible to be avoided should be 
made in the disposition of considerable masses of iron in the 
shij)s during the whole voyage ; but if such change he neces- 
sary, it should l)en»»te(l. 

Fifilily. Wlu-n crossing the magnetic line of no dip it 
would be desirable to gi)*tliruugh the observations for the dip 
with the insyaunent Successively jdaced in a series of differ- 
ent magnetir* c/imuths, by wliich the inlluence of the ship’s 
inagnetisHi in a vertical! direc’iiou will he placed in evidence. 

On f*r on ia *. — As the completeness and excellence 
of the instruments with whic h the Expeditior? w ill lie furnished 
wall authorise the utmost confidence in the results obtained 
by Captain Hoss’s well known scrupulosity and exactness in 
their use, the? redrterminatlou of the magnetic elements at 
points where they are already considered as asiA'rtained, will 
be scarcely less c^esirahle than their original determination at 
stations where they have nc^ver before been observed. This 
is the more to he insisted on, as lapse of time changes those 
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elements in some cases with considerable rapidit}^ ; and it is 
therefore of great consequence that observations to be com- 
pared should be as nearly contemporary as possible, and that 
tlafrA should be obtained for eliminating the effects of secular 
variations during short intervals of time, so jis to enable us to 
reduce the observations of a series to a common epoch. 

Ou tlm other hand^it cannetbe too strongly recommendeti, 
studiously to seek every opportunity of landing on points 
(magnetically speaking) unknown, and determining the -ele- 
ments of those points w'lth all possible precision. .,Nor should 
it be neglected, whenever the slightest room for doubt sub- 
sists, to determine at the same time the geographical position 
of the stations of observation in latitude and longitude. 
When the observations are made on ice, it is needless to 
remark that this will be universally necessary. 

With this general recommendation it will be unnecessary to 
enumcr.'ite particular localities. In fact, it is impossible to 
accumulate too many. Nor can it be doubted that in the 
course of antarctic, exploration, many hitherto undiscovered 
points of land will be encountered, each of which will, of 
course, become available as a magnetic station, according to 
its accessibility and convenience. 

There are certain points in the regions about to bo traversed 
in this voyage which offer great and esp(!cial interest in a 
magnetic point of view. These are, first, the south magnetic 
pole (or polos), iiitending thereby the point or points in which 
the horizontal intensity vanishes and the needle tends virtically 
downwards ; and secondly, the points of maximum intensity, 
which, to prevent the confusion arising from a double use of 
the word poles, we may provisionally term magnetic jbei. 

It is not to be supposed that Captain Ij^oss, liavuig already 
signalized himself by attaining the northern magnetic pole, 
should require any exhortation to induce him to use his indea- 
voure to reach the southern. On the contrary, it might better 
become us to suggest for his consideration, tliat no ucientific 
datum of this dcscl iption, nor any attempt to attain very high 
southern lattitudes, can be deemed important enough to be 
made a ground for exposing to extraordinary risk the lives of 
brave and Valuable men. ITie miignetic pole, tiiough not 
attained will yet be pointed to by lUstinc.t and uue<iuivocal 
indications ; viz. by the opproximation of thcwdip to ; and 
by the convergence of the magnetic meridians on ail sides 
towards it. If such convergence be observed over any con- 
siderable region, the place of the pole may hence be deduced, 
tliough its locality may be inaccessible. % 

M. Gauss, from theoretical considerations, has recently 
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assigned a probable position in bn. 146® E., lat.66® S., to the 
southern magnetic pie, den^ng the existence of «two poles 
o^the same name) m either nemisphere, " which, as he justly 
remarks, wou}d entail the necessity of admitting also a third 
point, having soijrie of the chief characters of such a pole 
intermediate between them. That this is so, may be made 
obvious without following out his%omewhat intricate clemonstra* 
tiou, by simply considering, that if a needle bo transported 
from one such pole to another of the same name, it will begin to 
deviate from perpendicularity towards the pole it has quitted, 
and willcsid in attaining perpendicularity again, after pointing 
in the latter part of its pnogress obliquely towards the pole to 
which it is moving^ a sequence of things impossible without 
an intermediate passage through the perpendicular direction. 

It is not improbable that the point indicated by M. Gauss 
will prove accessible ; at all events it (‘annot but be ap- 
proachable sufficiently near to test by the convergence of 
meridians the truth of the indication; anfl as his theory gives 
within very moderate limits of error the true place of the 
northern pole, and otherwise rejwesents the magnetic ele- 
ments in every explored region with considerable approxima- 
tion, it is but reasonable to recommend this as a distinct point 
to be decided in Captain Ross’s voyages. Should the 
decision be in the negative, i. e. should none of the indica- 
tions characterizing the near vudnity of the magnetic* pole 
occur in that region, it will be to be sought; and a knowledge 
of its real locality will be one of the distinct scienlUic results 
which may be confidently hoped from this Expedition, and 
which can only be attained by circumnavigating the antarctic 
pole compass in hand. , 

The actual attainment of a focus of nmxiniuin intensity is 
rendered difficult by the want of some distinct character by 
which it can be known, previous to trial, in which direction to 
procecif, when after increasing to a certain point the intensity 
begins 5gain to diminish. The best rule to be given, w ould 
be (supposing circumstances \vould perinil it) on perceiving 
the intensity to have become nearly stationary in its amount, 
to turn short and pursue a course at right angles to that just 
before followed, when a change could not fail to occur, and 
indicate by its direction towards which side the focus in ques- 
tion were situated. 

Another, and as it would appear, a better mode of conduc- 
ting such a research, would be, when in the presumed 
neighbourhood of a focus of. maxinulm intensity, to run 
down two parallels of latituae or two arcs of meridians 
separated by an interval of moderate extent, observing all the 
way in each, by which observations, when compared, the con- 
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cavities of the isodynamic lines would become apparent, and 
perpendiculars to the chords, intersecting in or near the foci, 
might be drawn. 

Two foci or points of maximum total intensity are indica* 
ted by the general <course of the lines in Major Sabine’s chart 
in the Southern Heiaispherev one about long. 140'^£.,lat. 
47*^ S., the other more obscurely in long. 235-’ E., lat. 60° 
or thereabouts. Both these points are certjiinly accessible ; 
and as the course of the Expedition will lead not far from 
each of them, they might ^ be visited with advantage by a 
course calculated to lead directly across the isodynamic ovals 
surrounding them. 

Pursuing the course of the isodynamic lines in the chart 
above mentioned, .it appears that one of the two points of 
minimum total intensity, which must exist, if that chart be 
correct, may be looked for nearly about lat. 2.5° S., long. 12° 
W., and that the intensity at that point is probably the least 
which occurs over the whole globe. Now this point does not 
lie much out of the direct course usually pursued by vessels 
going to the Cape. It would therefore appear desirable to 
pass directly over it, were it only for the sake of determining 
by direct measure the least magnetic intensity at present exis- 
ting on the earth, an element not unlikely to prove of impor- 
tance in the further progress of theorcti<;al investigation. 
Excellent oj)portunities will be afforded for the investigation 
of all these points, and for making out the true form of the 
isodynamic ovals of the South Atlanta*, both in heating up for 
St, Helena, and in the passage from thence to the Cape ; in 
the course of which, the point of least intensity will, almost of 
necessity, have to Ije crossed, or at least approached very near. 

Nor is the theoretical line indicated by Causs^as dividing 
the northern and southern regions, in which free magnetism 
may be regarded as superficially distribiited, undeserving of 
attention. That line cuts the equator in 6 ' cast longitude, 
being inclined tlk 2 reto (supposing it a great circle) 1.5°, by 
which quantity it recedes from the equator northward in going 
towards the west of the point of intersection. Observations 
made at points lying in tlie course of this line may hereafter 
prove to possess a value not at present contemplated. 

As a theoretical datum, the horizontal intensity has been 
recomniended by Causs, in preference to the total, not only 
as being concluded from observations susceptible of great 
precision, but as affording immediate facilities for calculation. 
As it cannot now he long before the desideratum of a chart of 
the horizontal intensitv is supjilifid, the maxima and minima 
of this element may also deserve especial inquiry, and may bo 
ascertained in the mauner above pointed out. 
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The maxima of horizomfcal intensity are at present undeter- 
mined by any direct observation. They must of •necessity, 
however, lie in lower ms^nedc latitudes than those of the 
total intensity, as its rninima must in higher ; and from such 
imperfect meau9as we have of judging, the conjectural situa- 
tions of the maxima may be stated as c^curring in 
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Observations have bec4i made of tlic horizontal intensity 
it the vicinities of II, and 111., and are decidedly the highest 
which have been observed anywhere. . 

In general, 'in the choice of stations for determining the 
absolijte values of the tliree magnetic elements, it should be 
borne in mind, tliat the value of each new station is direclly 
proportional to its remoteness from tlioso already known. 

Should any doubt arise, therefore, as to the greater or less 
elcgihility of particular points, a reference to the existing uiag- 
nctic maps and charts, by showing where the known j)oiuts of 
observation arc most sparingly distributed, will decifie it. 

For such magnetic dctiTJuinalions as tliosc above contem- 
plated, the instruments hitherto in onlinary use, with the 
addition of Mr. Fox’s appa’atus for the statical determination 
of the intensity, will sntlice ; the mnnher of the sea oljserva- 
tions compensating for their possible want of exactwcss. The 
determinations which belong to the second branch of our 
subject, — viz. those of the diurnal and other periodical varia- 
tions, and of the moiiientary tluctuations of the magnetic 
forces, — retpiire, itvthe present state of bur knowledge, the 
use of thole more relined iusirmnents recently introduced. 
Being ignnparutive rather than absolute, they depeml in great 
measure (ami as regards the inonumtary changes, wholly) on 
combined and simultaneous observation. ^ , 

The variations to which the earth’s magnetic force is sul)- 
jeet, at a given place, n»ay he classed under three heads, 
namely, 1. the irrpgular variations, or those which appanntly 
observe no law ; 2. the periodical variations wjiose amount is 
a func tion of the hour of the <lay, or of the season of the 
year ; and, 3. The secular variations, which are either slowly 
progressive, or else return to their former values in periods of 
vc^ great and unknown magnitude. 

The recent <lisc‘0vcries eonn*fcted with the irreynlar varia- 
tions of the magnetic declination, have given to this class pf 
changes a prominent interest. In the year 181H M. Arago 
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made, at the Observatory of Paris, a valuable and extensive 
series of observations on the declination changes; and M. 
Kupflfcr having about the same time undertaken a similar 
research at Cazan, a comparison of the results led to the 
discovery that the perturbations of the needle were synchro- 
nous at the two places, although these places differed from 
one another by more than forty-seven degrees of longitude. 
This seems to have been the first recognition of a phcnopie- 
non, which now, in the hands of Gauss and those who are 
labouring with him, appears likely to receive a .full eluci- 
dation. 

To pursue this phenomenou successfully, and to promote in 
other directions the theory of terrestrial magnetism, it was 
necessary to extend and vary the stations of observation, and 
to adopt at all a common plan. Such a system of simultane- 
ous observations w’as organized by V"on Humboldt in the year 
1827. Magnetic, ^stations were established at Berlin and 
Freyberg ; and the Imperial Academy of Russia entering 
with zeal into the project, the chain of stations was carried 
over the whole of that colossal empire. Magnetic houses were 
erected at Petersburg and at Cazan ; and magnetic instruments 
were placed, and regular observations commenced, at Moscow, 
at Sitka, at Nicoiajt'ff in the Crimea, at Uarnaoul and 
Nertschinsk in Sihei ia, and even at Pekin. The plan of 
observation was definitely organized in 18‘10 ; and simultane- 
ous observations vvere made seven times in the year, at 
intervals’ of an hour for the space of forty-four hours. 

In 1834 the illustrious Gauss turned his attention to the 
subject of terrestrial magnetism ; and having contrived instru- 
ments which were capable of yielding results of an accuracy 
before unthought of in magnetic rcsearc'ues, he p.roceeded to 
inquire into the simultaneous movements of the horizontal 
needle at distant places. At the very outset of his inquiry 
he discovered the fact, that the syjichronism of the perturba- 
tions was not confined (as had been hitherto imagined) to the 
larger and extraordinary changes: but that even the minutest 
deviation at one place of ob.servation liad its counterjjart at 
the other, • Gauss was thus led to organize a plan of simulta- 
neous observations, not at inb’rvals of an hour, but at the 
short intervals of five miimte.s. 'riicse were ‘ carried on 
through twenty-four hours six* times in the year ; and mag- 
netic stations tfiking part in the system were established at 


’ Recently reduced to four. 



441 


Expedition to the Antarctic Regions, 

Altona, Augsburg, Berlin, Bonn, Brunswick, Breda, Breslau, 
Cassel, Copeiihagon, Dublin, Fro\'berg, Gottingo«, Green- 
wich, Halle, Kazan, Cracow, Lcipsic, Milan, Marburg, 
Munich, Nai>ic.s, St* Petersburg, and IJpsala. 

Extensive as tliis plan a])peiurs, there is much yet remaining 
to be accoinj dished. 'Phe stations, lunnerous as they arc, em- 
brace but a small portion of the earth’s smfacci; and what is 
of ye.t more importance, none of them are situated in the neigh- 
boiirhood ol‘ thftse singular points or curves on the earth’s 
surface, wlfcre the magnitude of tlic cluanges may be expected 
to bv‘ exAjssive, ami peHiaps their direction Inverted. 

In short, a wi<lcr syst4Uii •of ol)scrvation is ro<piired to deter- 
mine whetluu- the amount of tlie cliaiiges (wJiich is found to be 
very diiferent in dilfercnt jilaces) is dependent simply on the 
geographical on the co-ordinates of the place ; 

whell^er, in fact, llie variation in that amount be due to the 
greater or less distance of a disturbing centn*, or to the modi- 
fying effect of thc^ mean magnetic forc?^ of the ])lace, or to 
both (‘auses acting conjointly. In another respect also, the 
plan of the simultaneous observations admits of a greater 
extension. Until laudy the movements observed have been 
f)iily those of the magn .aic declination^ altliough there can be 
no doubt that the inclination and the intensity are subject to 
similar pm*tur])ations, Jlecently> at many of the German 
suitioiis, the horizontal component of the iiitctisity has been 
ol)serv4Nl, as well as the <lecUnation ; but the <letermination of 
aii(»th('r eliMiuMit is yet re(|uired, before we are ])oss«ssedof all 
tlie data lu'cessary in this most interesting resean li. 

The magm lic observations about ti.) be established in tlie 
British C/oloiiies. by the liberality of the Guvenujjent, will (it 
is hoped) supply ift a great im*asure thesi' desiderata. llie 
stations aft? v. ideh' scatten*d over the eartlfs surface, and arc 
situati;^ at points of j)rouiiiH*nt interest with regartl to the 
Isodynamic and IsiK-linal lines. The point of maximum 
inteiisiTy in tin*. uortlnMii lieniispliere is in Canada ; the cor- 
responding maximum in the southern heinisjdiere is near Vim 
Diemen’s Land; St. Helena is close to the lint* of minimum 
intensitg ; ainl the Ca})e of (lood Hope is of iiujiortanee on 
account of its st)utlieni latitude. At each observatory the 
changers of the vertical component of the magnetic ibree wall 
bo obstTvod, ais well as those of the horizontal component and 
declination ; and the variations of the two coinpoinmts of the 
force being knowai, tliose. of the inclination and of the force 
itself are readily dedueed. ^ The simultaneous observa- 
tions of these three elemwiits will be made at numerous and 
stated periods, and we have every reason to hope that the 
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directars of the various European observatoricfs will Uike part 
in the (!oud)ined system. 

But interesting as these phenomena are, they Ibnn but a 
small pint of the proper business of an observatory. Hie 
reyular changes (both porio<lic and se(ailar) are no ]css im- 
portant than the. irregular ; and they are certainly those by 
W'hicl) a ]>atient inductive imiuirta' would seek to ascend to 
general laws. Even the empirical e\])ression of these laws 
cannot fail to be of the utmost value, as furnishing a corr<*c- 
tion to tlie absohiti* values of the niagnetic eleiiumts, and 
thereby reducing them to then* mean amount. 

The hourly changes of the dcclinatitm Jiave been frecjuemtlv 
and attentively observed ; but w ith resjiect to the iieriodical 
variations of tin' other two idements, our information is as yet 
very scanty. 'riu* d(‘t('nnination of tliese varaiions will form 
Jin imjmrtant ]'>art of tlie duty of the magnetic ohservat/nics ; 
and from the accuraev of which the observations are siisci'pti- 
ble, and the extent whit liit is jwoposiMl to give* them, tliere can 
bo no doubt that aveiy exact knowledge of the ciupiiical laws 
will be the result. 

With respect to the .vcc/z/rir variations, it might piriiaps be 
doubted whether iIk? liniiietl tinu' <luring which iht* ol).serva- 
tories w’ill he in operation is adiMpiau* to their de,t4 niiination. 
But it .dioiild be kej)t in mind that llii‘ nifuuhly mean corres- 
ponding to each hour of ohsev\atiou will luniish a separate 
result; and that the niimher and accurary of th»‘ resu.lts thus 
obtained I’lay la^ such, as J'ully to ccunprnsate Ibr tlu; sltorlness 
of tlicMuterval through whieli they an* followed. A beautiful 
exaiuj)le of such a rc'sult, deduced from three years’ <»hsi^rva- 
tion of the declination, is to be found ,in tfio iirst viduine of 
Gauss’s inagnetical 'work, of which a traiulation is jaihlishcd 
m the lilth nuiiibor of "I'aylor’s Scicaitihe. .M<*iuoirs. ’ 

It remain.s to say a h*w words of the insfrnmentjd means 
w'hich hav(‘ been adopted for the attainment of these* ends. 

The magnetic. iu.strum(*iits heloiiging to I'ach observatory 
and in constant use, are, I , a declination instrnim*)ii ; 2. a liori- 
zontal force Tnagneionieter; 3. a vertical force magnetometer, 
llicse instriuncnts are constructed alter the ])laTi ado))ted by 
Professor liloyd in the Magnetic Obst^rvatory of Dublin. 
The magnet, in the two former, is a lu'avy l)ar, fiftr'cn inches 
long, and upwards of a pound in weight. fii the declination 
instniment the magnet rests in tin* magnetic nu ridian, being 
suspended by fibres of silk without torsion. In tln^ horizontal 
force magnetometer, the magnet is suj>j)orled by two parallel 
wires, and maintained in a positioir at right angles to the mag- 
netic meridian by the torsion of their upper extreinitiet . In 
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hoih instramonts the cliangcs of position of the magnet are 
read off by means of an attached colliinater having^ <livided 
senile in its focus. The magnetometer for the vertical force is 
a bar resting l^y knife edges on agate ])lanes, and capable of 
motion thereion; in the vertical plane only. This bar is 
loadtsd, so as to rest in the horizontal position in the mefui 
state, of the force ; and the deviations floiii tliat position are 
read off by microiiK^ters near the two ('xtrcimitie-s of the ])ar. 

ln\ addition f« these instruments, each obsenatory is fiir- 
nisheal wiilua dij) circle, a transit with an azimuth circle, and 
two chroiif)mt*tm’s. l^^a<*h v essel ;ilso is suj)j)lied with a similar 
r(jui}>inent. Should tlicn^lgu'c, the slti])s 1)(! under the necessity 
of wintering in tlie ice, — and g4*nerally, on every occasion 
wlien the nature oi' tin* servici? may render it nee-essary to pass 
a consideralde.«inter\ al of time in any port or ancJiorage, — the 
magnetonnaors should be ostal)lis]jed, and observatiojis made 
with all tlici regularity of one oi' the hxtHl observatories, and 
with sti'ict attenti<ai to all the satm‘ <letai].^. 

Tlie selection of pro]»er stations ft>r the ea-c*ction of the 
magiietonu^ters, and the extent of time wltich can hi) ]>t?stowed 
upon t‘ach, must in a gn-at measure dejiend on circumstan- 
ces, which (*an only he aj)])r(*ciated aftt*r tht^ l‘^x])edition shall 
hav<‘ sailed. 'J’hc observatory at St. Helena (the* «>liic(U’S and 
iTistvnnu'nts f r which will l)e lamled by C’aptain Ross,) will in 
all ])robability 5 — ami that at the Ca])e (similarly circtimstanced 
in this res])cct) may i)os-ibly, — be in activity by thi' time the 
shi)»s avri> e at Kerguelen’s Land; winch wt* wouhl recom- 
nu‘.nd as a verN intere.^ting statit)n for j^rocuring a comjdiUe and 
as ('xteiisivc. a stoics of cm'p'sjximling observations as the 
Ticct's-iilv of a speedy arrival at Van Diemen’s l.aiul f<»r the 
cstablislnneiit of tb^* fixvd obsc*rvatorv at that ]ioinl will alhm ; 
faking inlt^ronsideration the possibility of obtaijjing during 
tlie iniennediate voyage, a similar series, at some ]>(>int of tlie 
coast discovered by Ivciuji and liisc oi*. In the ulterior prose- 
cution ftf the \ovag\', a jxiint of especial imi n.'st for tlie 
perfoniimiee of similar olism'vations will 1‘ound in New 
Zealand, which, according to the ski'tcli of the voyage laid 
before us by ('aplain Ross, will probably be visited shortly 
after tlu' establislimeiit of the Van Diemen’s Land t»bsi‘r\a- 
t<iry. The observations there will have esjM'ciarinten'su since, 
taken in (xmjum tion w ith those simultaneously making in Van 
Diemen’s Laud, they will <leeide the imjiortant (pu'stion, how 
far that exact eorres])ondtmee of llie, moinentirv niagnetie per- 
turbations which lias befii observed in fairojw, obtains in so 
remote a region, betw een pl^et'jf separated by a disUuice equal 
to that between the most widely distaut Kuropean Stations. 
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In the interval between quitting Van Dioinen’S Land and 
returning»to it again, opportunities will no doubt occur of per- 
forming more tlian one other series of iiiagnetoineter observa- 
tions, the locality of which may be ct)nvenieni4y left to the 
judgment of Captain Ross, beming in iiiiiid' the advantage of 
obsening at stations^, as remote as possible t'roin both Van 
Diemen’s liaiid and New Zealand. 

The research for the southern magnetic pole and the explo- 
ration of the antarctic seas will aHi>vd, it may be presumed, 
many opportunities of instituting on land hiilicno unknown, 
or on fmn ice when the vessel may be for a time blockaded, 
obsenations of this description; abd in the ])rogress of the 
circumnavigation, the line of coast observed or supposed to 
exist under tlie name of Graham’s l iUnd, or tliosc of the islands 
of that vicinify* South Shetland, Sandwicli Land, and liiially 
on the homeward voyag<^ the. Island of Tristan d’Acunha will 
afford stations eacli pf its own pailicular interi‘st. 

A programme will be furnished oi‘ the days selected for 
simultaneous r)l)seiTalions at tlie fixed obscTvatories, and of 
the details to be attended to in the ohsenations theinsi^lves as 
above alluded to. I'hese days will incliule th<‘ terms or 
stated days of tluj Geniuin Magnetic Associarion, in which, 
by arrangements already existing, every hatropean magnetic 
observatory is sure to be in full activity. 1’hcse latUT days, 
which occur four times in the year, will bo <»s]>ecially interest- 
ing, as periods of magnetoinetrieal observations by the 
ExpeditiGn,w'hen the eircumstances of the voyage will pt'rmit. 
For the determination of the existence and progress of lhi‘ 
diurnal oscillation, in so far as that inqiortant el<uu«*nt can be 
ascertained in periods of brief duratioK, it will l)t‘ iiecMjssary to 
continue the observations lumrly during«the twi*nty-fouv for 
not less than one coiiqilcte week. At every station wdicre tin? 
magijetometers are observed, the absolute \1ilues • of the 
dip, horizontal direction, and intensity wrill reejuire to be 
ascertained. ^ 

Sydney, for a station of absolute determinations, w'oiild be 
with great propriety selected, as there can be no doubt of its 
becoming at no distant piTiod a centre of reference for every 
species of local determination. 

The nieteorolrigical ])articulars to be cliiefly attended to, as vl 
part of the magnetic observations, are those, of tin; barometer, 
thermometer, wind, and especially auroras, if any. In csise of 
the occurrence of tlie laltt^r indeed, the hourly should at onco 
be exchanged for nnintenupted observation, should that not 
be actually in operation. llie a<!ccti(ms of the magnetonuv 
ters during thiindor-stomis, if any? should be noticed, though 
it is at present believed that they have no influence, 
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During ait earthquake in Siberia in 1829, the direction of 
the horizontal needle, carefully watched by M. Erman, was 
umnfluenced ; should a simihir opportiutity occur, and circum- 
stances permit# it shonhl not be neglected. 

Should laud or»secure ice be found in the neighbourhood of 
the magnetic pole, every attention will pf course be paid to 
the prociuinga coniphue and extensive series of niagnetometric 
observations, wlpcli in such a locality would fonn one of the 
most remarkable *residts of the Expedition. 

* ELEtCTROMtfTERS. 

The Council arc fully impressed with the high importance, 
of regular observations on the electrical stiitp of the atmos- 
phere; but they are not prepared to suggest any means of 
effecting this desirable object, which will at all correspond 
with the present advanced state of electrical physics. At no 
distant period they hope to supply a defect which is certainly 
a reproach to science. In the meantime much valuable infor- 
mation might he ac(juire<l by observations of an electroscope, 
on one of the ordinary constructions connected with a lofty 
insulated wire. 

In erecting such a wire, proper precautions should be taken 
against accidents by preparing a sufficient conductor in its 
immediate vicinity, by which a communication could be at 
once opened with the ground in case of any sudden and dan- 
gerous accumulation of the electric fluid. . 

As a temporary contrivance, a common jointed fishing-rod, 
having a glass stick well varnished w'ith shell lac, substituted 
for its smallest joint, njay be projected into the atmosphere. 
To the cud of the ^lass must be fixed a rftetallic wire termi- 
natiug in S point, and connected with an electroscope by 
means oj a fine copper wire. If the wire be made to termi- 
nate in a spiral wrapped rouiMl a piece of cotton dip|>e'd in 
spirits oT wine and infiained, its pow'cr of collecting eletdri- 
city will be sometimes doubled, but great precautions are 
necessary when this mode is employed. When tlio electro- 
s(iope has been charged, the nature of the electricity may be 
tested in the usual way by e.xcited glass or sealing w^ax. 

The principal electroscopes whicii arc capable of being 
employed to ascertain the electrical state of the atmosphere, 
or rather to compare its state at any given elevation with the 
state of the medium in contact with the instrument, are the 
following : * • 

1. De Saussure’s electrometer, which consists of two fine 
wires, each terminated by a small pith ball, and adapted to a 
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small metal rod fixed in the upper part of a square glass cover, 
upon one»of the faces of which a divided scale is marked, in 
order to measure the angles of deviation of the two balls : . 

2. Volta’s electrometer, formed of two straws about two 
inches long and :^th of a line broad, suspended from two 
small very moveable rings adapted to metal rod : to measure 
the deviation of |iie straws a telescope with a nonius is 
employed : 

3. Singer’s electrometer, consisting of two slips of gold 
leaf suspended from the rod : 

4. Bolinenbcrger’s electroscope, formed of a single strip 

of gold leaf suspended from the ccnducting rod between two 
dry piles, the negative pole of one and the positive pole of 
the other being .uppermost ; this arrangement has the advan- 
tage of indicating the kind of electricity commuuicatcd to the 
conductor. , 

The observations made with these and similar instruments 
have demonstrated "that in serene weather the electricity of 
the atmosphere is always positive with regard to that of the 
earth, and that it becomes more and more positive in propor- 
tion to its elevation above the earth's surface; so that if an 
observer be on a mountain or in a balloon, if his conductor 
be directed downwards to reach an inh'rior stratum of air, his 
electroscope will indicate negative electricity ; and if it he 
scut upwards into a superior stratum, positive electricity will 
be manifested. Various means have been resorted to in these 
experiments, such as connecting one of the extremities of 
the conducting wire to a kite, a small balloon, or the head 
of an aiTow, the other extremity remaining attached to the 
electroscope. 

It has been ascertained by the observations of l)e Saussure, 
Schublor, Arago and others, that the p»J!>ilive electricity of 
the atmosphere is subject to diurnal variations of pitcnsity, 
there being two maxima an<l two minima iluriiig the twenty- 
four hours. 'J'lic first minimum takes place a little before the 
rising of thesim; as it rises, the intensity, at first gradually 
and then rapidly, incre.'ises, ami arrives at its first maximum 
a few hour/i after. 'I'his excess diminishes at first rapUlly 
and afterwards slowly, ami arrives at its minimum some 
hours before sunset; it re-ascends when the sun a^rproaches 
the horizon, and attains its second maximum a tew hours 
after, then diminishes till sunrise, and proceeds in the order 
already indicated. 'I'ln* intensity of the free electricity of 
tlie atmosphere has also been fyund to-iimlergo annual changes, 
increasing from the month of July to the month of November 
inclusive, so that the greatest intensity occurs in winter, and 
the least in summer. 
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In cloudy Veather the free electricity of the atmosphere is 
still positive. During storms, or when it rains or snows, the 
eletjtricity is sometimes jM)sitive and sometimes negative, and 
its intensity is always much more considerable than in serene 
weather. I'he eh?ctro8Cope will, during the continyance of 
a storm, frequently indicate several changes, from positive 
to negative. 

I'hc a!)ove is tj. short summary of almost all that is known 
respecting the laws of atmospheric electricity. It will be 
highly impoTtunt to obtain a scries of observations equal in 
accuracy to those made by*Schubl^r at Frankfort in 1811 and 
1812, simultaneously with ftie observations of the hygrometer, 
barometer, thermometer, itc. Combined observations at a 
number of different stations cannot fail to gWo us important 
information respecting the distribution of the free electricity 
in the atniosjdiero, and the extent and nature of the distur- 
bances to wliich it is subject ; but to rcnd(;r the results valua- 
ble it will be necessary to have instruments comparable with 
each otlier, aiul this may lx? a ditlicult matter to effect.* 

Very recently a lu'w iiiethod of invesfigating the electric 
state of the atmosphere has been propostxl, likely to lead 
hereafter to very certain and valuable results : but it has not 
been sufficiently put in ])vactice to enaldo the ('ouncil to re* 
eornmend, at the. present nu>mcnr, the best form of instru- 
ment for making siniultatteous and comparable observations, 
or the proper precautions to guide the observer in manipu- 
lating it. • 

For the principle of this instrinnent we are indebted to Mr. 
Collaflon of (leiieva. He found, that if the two emls of the 
wire of a galvanie mulfij)lier, consisting of very numerous 
coils well insulated f^)m each other, were bfonght in contact, 
one with a iToth positively, and tin; other with a body nega- 
tively ch«rge<l, a current of eleetrieity passes through ,tlie 
wire, im^il equilibrium is la'storeil; thi‘ energy and direction 
of this current is indicated by the deviatiyn of the needle 
from the zero-point of the scale. This instrument is applied 
to the ptirj)ose of ascertaining and measuring the atmospheric 
electricity, by conimurucating one end of the wire with the 
earth, atui allowing the «uher to extend into the region of 
the atmosphere, the electrical state of which is intended to 
be compared. 


♦ For a fulU*r arconut of what is known rospccHin; atmospheric i‘lccintTty, 
anil the inotle of coiuhictiinic th«' ubservution.s, ice BmpierelS Tmtti 
r Eiwtricit^y t. iv. pp. 78— Ivi.O. 
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Thunder storms, of course, should be attended to ; but it 
is of consequence also to notice distant lightning not accom- 
panied with thunder audible at the place of observation, 
especiaWy if it take place many ilays in succession, and to 
note the quarter of the horizon where it “appears, and the 
extent which it embraces. In an actual thunder storm, 
especial notice shouUl be taken of the quantity of rain which 
falls, and of the fits or intermittanees of its fall, as correspond- 
ing, or not, to great bursts of lightning, aa also of the 
direction of the wind, and the apparent progress of the storm 
with or against it.* 

Registers. 

The Register proposeil by the Council may be comprised 
in two skeleton forms, which have been supplied to the mag- 
nctical observatories and to the Expedition. 

'rhey are each calculated for one month’s observation. 
The first form is for the insertion of observations as they arc 
made in their uncorrected state. It consists of 12 principal 
divisions, and is ruled across for 31 days, and for the arith- 
metical convenience of casting up the sums and means of the 
quantities inserted. At the bottom of the sheet there is also 
a space provided for the hourly observations of the barometer 
and thermometers on the twenty-first day of the month, 
which will he more particularly described after the explanation 
of the principal divisions. 

The outside com[)artments, both on the left and right of 
the sheet, are for tlie date of the month and the phases of 
the moon. 

The second cofnjiartmcnt is for the hrtghtof the liarometcr, 
and the temperature of the mercury for tho four regular 
periods of observation. 

The third compartment is appropriated to the dew-point 
hygrometer, and,cotitains also four columns for the four daily 
observations, each of which is .subdivided into thr(?e ; for the 
temperature of the air, the <lew-point, and tho difference 
between the two. 

The fourtli compartment is for the wet-bulb hygrometer, 
and is similarly divided and subdivided for the temperature of 
the dry-and wet-bulb thermometer, and for their differences. 

The fifth compartment is prepared for the maxima and 


• On these subjec-ta the Council capccially recutuuicnd the attentive 
perusal of Arago’s hiotiev $ur Iv Tonnerre, 
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minima of tfcmperature, and is divided into three. In the 
first division are to be recorded the maxima and minima of 
thermometers carefully placed in the shade and screened from 
radiation. In.the second, the maxima of a blackened ther- 
mometer exposed to the sun, and the minima uf a thermo- 
meter placed in a metallic mirror, and r^idiating freely to the 
clear sky. I’lie third is d«^voted*to occasional observations of 
the actiuometer under favourable circumstances. 

The sixth coihpartment is for the temperature of the sur- 
face-water ef tlie sea, or of any river in the immediate ncigh- 
bourhoo(^\»f the observat(try. • 

The seventh compartment is prepared for observations upon 

the direction and force of the wind at the four regular hours 
of registry. In the left-hand column of each division Ls to 
be recorded the direction of the vane, and in the right-hand 
column the height of Lind’s gauge, in tenths uf an inch 
of water. ^ 

In the eighth compartment the amount of rain is to be 
registered once in the day ; and in the ninth, tlie electrical 
state of the atmosphere, if possii)le, at the four periods, 3 
A. M., y A. M., i3 i>. .M., and 9 p. m. 

The tenth compartment is appropriate*! to remarks on the 
clouds, and weather generally ; and in the eleventh is to be 
noted, at noon, the longitude and latitude at sea. 

On a careful review of the month’s observations, the 
maxima anti minima results should have the algebraic signs 
4 . and — respectively atlixoil. • 

The second form is devoted to the corrected results of the 
observations, and to th<‘ optical comparison togetlier ot* some 
of them, by their projection upon a scale of etpial ],arts. 

The upper half ©f the sheet is vertieaW divided into two 
equal part.f, each prepared fur half the month's observations, 
and accyrdingly ruled across into sixteen spaces for the daily 
observations, and two for the sums and means of the quan- 
tities. “liaeh half is also divide*! into five yompartments. 

The first is f*)r the date of the month and the phases of 
the moon. 

The second for the correcte*! height of the barometer at 
32® Fahr. 

The third is appropriated to the elastic force of the aqjieous 
vapour cornispoiuling to the dew-point, and which may be 
taken from Table 5, in the Appendix B. 

The fourth i.s for the mjiximum and minimum of tempera- 
ture, an*l the mean of the two. 

And the fiftli for occasional remarks. 

The lower half of the sheet is also vertically divided into 
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two equal parts, each of which is similarly divided into 31 
colunuis' for the daily observations of a month ; and these 
again subdivided into four, for the six>bourly observationsf. of 
each day. The vertical lines thus formed are divided into 6 
inches ; and each inch into tentlis of an inch, and half-tenths, 
by horizontal lines. , 

The left-hand compartment thus ruled, is intended for the 
projection of curves of temperature ; for this purpose each 
tenth of an inch upon the scale must be reckoned a degree, 
which will be divided by the faint line into halvesi 

The value of the degree may be arbitrarily fixe^ and in- 
serted iu the margin according to convenience. 'I'owards the 
upper part of the scale the results of the six-hourly obser- 
vations should each he marked by a dot in its appropriate 
space, and the dots may be afterwards connected by a hue. 

I'he temperatures of the dew-point, or of the wet-bulb 
thermometer, or the mean temperature, may be compared 
with this primary result by projecting their curves in a similar 
way beneath it ; and should the observations of these points 
be less frequent than four times in the day, the «laily spaces 
may easily be divided accordingly. 

'I'he right-hand compartment is appropriated to the projec- 
tion of curves of pressure, and the four daily observations of 
the barometer arc to be marked by dots tovsards the ujij)er 

f iart of the scale of inches, and afterwards connected by a 
itie. 'rowards the lower j)art of the scale the elastic force of 
the vapour is to be noted, and the marks to be similarly con- 
nected by a line. 

On either the scale of temperature or of pressure, occa- 
sional com])aris()ns may he made \> ith results obtained at 
other stations, which, if judiciously seb(-ted, camiot fail to 
prove of high interest and iinportauce. 'i'liey stiiould, how- 
ever, be laid down in pencil, or marked by a fainte)’ line. 

At the bottom of the first skeleton form will he found a 
space prepared fqr the 24 hourly ol)scrvationd of the twenty- 
first day of the mouth, both iu their uncorrccted and their 
corrected state. It is divided into four compartments for 6 
hours eacli. The instruments which can with most facility be 
observed in this manner, are the barometer with its attached 
thermometer, and the dry-and wet-bulb thermometers; and 
columns arc appropriated to each of these. Jt is desirable 
that the mean of each G hour should he calculated, and 
spaces have been provided accordingly for the arithimitioal 

operations. » 

In casting tip the sums and valciilating the means, care 
should be taken in all cases to verify the results by repetition 
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and the Council recommend in every instance, before adding 
up the columns, to look down each to see that nft obvious 
ertor of entry (as of an inch in the barometer, a very com- 
mon error) maV remain to vitiate the mean result. The pre- 
caution should klso be taken of counting the days in each 
column, so as to make no mistalje in the divisor. 

The skeleton forms will be interleaved wkh blank pages, to 
facilitate complications and comparisons, and to afford space 
for other observations of atmospheric phenomena, which will 
pcrpotuaHj* present themselves to those who make it their 
business or their pleasure to watcfi the changes of the weather 
on a judicious plan. Tlie Council, indeed, wish it to be 
understood, that, in the suggestions which they have offered, 
they have taken into consideration only such observations as 
arc indispcnsa6lo for laying the first foundations of metooro- 
logicaUscience ; some investigations of a more refined character 
they may, probably, iniikc the subject of » future report. 

As soon as the register of a month’s observations has been 
computed, it should he copied, and the copy carefully com- 
pared with the original by two jicrsons, one reading aloud 
from the original, and the* other attending to the copy, and 
then exchanging parts, — a process always advisable whenever 
great masses of tigures are riujuired to he correctly copied. 

A copy so verified should be transmitted regularly to 
such person or public body, as, under the eireuinstahces, 
may be authorized or best adapted to receive and discuss the 
observations. 


ACCOUN'r OF TIIF MAGNiyi'lCAL INSTRU- 
MENTS EMl’kOYKl) AND OF THE MODE OF 
OBSEl?VATU)N ro HE ADOFTED, IN THE 
MAfJsNETlCAL OHSER VA rOlU ES ABOUT .TO 
BE ESFABLISIIED BY HER MAJESTY’S GO- 
VEll^MENT. 

The elements on which the determination of the earth’s 
magnetic force is usually baseil are, the declination, the incli- 
nation^ and the intensity. If a vertical plane he conceived 
to pass through the direction of the force, that direction will 
be determined when its inclination to the horizon is given, as 
well as the angle which the plane itself forms with the meri- 
dian ; and if, in addition to these quantities, we likewise know 
the number which expresses tli*? ratio of the intensity of the 
force to some established urfit, it is manifest that tho force is 
completely detorinincd. 
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For many purposes,' however, and especially in the delicate 
researches connected with the variations of the magnetic 
force, a different system of elements is preferable. Ulie int*'n- 
sity being resolved into two portions in the plane of the 
magnetic meridian, one of tliem horizontal and the other 
vertical, it is manifest that these two componente may be 
substituted for the total intensity and the inclination ; while, 
at the same time, their changes may be determined with far 
greater precision. The former variables arb’ connected with 
the latter by the relations 

. •> 

X = R cos 9, \ = R sin 9; 

in which R denotes the intensity, X and Y its horizontal and 
vertical components, and 9 the inclination; and the variations 
of 6 and R are expressed in terms of the variations of X and 
Y by the formulae : 



dR dX dY 

— = cos® G — + sin® 0 — . 

R X Y 

As the instrumcJits destined for the observation of these 
elements (with a set of which each observatory is furnished) 
are, for the most j»art, novel in form, it will be useful to give 
a somewhat dctaileil account of their construction and various 
adjustments, before entering on the plan of observation to be 
pursued. 


Dkclination Mac;neto!wrteu. 

» 

Construction The essential part of the declination mag- 

netometer is a magnet bar, suspended by fibres of untwiste<l 
silk, and inclosed in a box, to protect it from the agitation of 
the air. The bar is a rectangular ])arall<‘]opiped, 15 inches in 
length, '|ths of an inch in breadth, and ^th of an inch iu thick- 
ness. [n addition to the stirrup by which the bur is suspended it 
is furnished with two sliding pieces, one near each end. One 
of these pieces contains an achromatic lens, and tlie other a 
finely divided scale of glass ; the scale being adjusted to the 
focus of the lens, it is manifest that the app^atus forms a 
moving collimator, and that its absolute position at any 
instant, as well as its changes of position from one instant to 
another, may be read off by a telescoftc at a distance, 'riic 
aperture of the lens of this collimator is inch, and its 
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focal length %ibout 1 2 inches, l^ach division of the scale is 
part of an inch ; and the corjcsponding angular quan- 
tity is about 4.‘} secontls. 

'I’o the suspiyision thread is attaclied a small cylindri<-al bar, 
the ent|s of which are of smaller diameter, and sui)port the 
stirrup which carries the magnet. 'I'ln? apertures in the stirriq), 
by wliiclj it hangs on the cylindoi*^, are of the form of invcrt(Ml 
Y’s, so that the hearing points are iuvariabfe. A second pair 
of £q)erturos at ^he other side of tin! magnet, serves for tin; 
])iirposo of mnversal ; and care has been taken to render the 
lines connPeting the beating point^of each pair of \'’s parallel, 
so that there may be no ditlerence iti tlte amount of torsion 
of the thread in the two positions of the stirrup. The two 
pairs of apertures are at dilFerent distances tja>m the magtan, 
iti order that the tine of collimation may remaiti nearly at the 
same height on invorsal, and thus it may not he neci’ssary to 
alter tfie length tiie suspension tliread. The stirrup, and 
tiro f>thcr gliding jiro 

For the purpo.'^o of taking out tlio torsion of tlu» susponsloii 
throjld, the aj)paratu.s i.s fnrni^hod with a (Ltorsitm lja/\ 
whieh (with its appendages) i.s of the same \v(»ight as the 
magnet* It is a roctangnlar l)ar of gim-im^tal. furnished w ith 
a stirrii]) and collimator similar to of tin' inaenet. A 

r(*etangular aperture in tho middle rt'ci'ivi's a small magnet, 
tlie Use of wliich is to impart; a slight tliias tive force to th(' 
suspended bar, and witliour whirh the tinal adjustment of 
delorsioii would b(* tedious and diitirult. , 

'I'he frame-wairk of the instrument eon^i^^s of two pillars 
of eopper, inches in lu'ight, linnl\ st rew t'd to a massive 
marble base. Hiesc* pi^ars aio e!>i\nerted hy two eross pieces 
of wood, one at top, and the otht*r »7 im lies fjTmi the 
bottom. hi tlie cenirt' of tlie top ]>ieee is the susj>ension 
apparatijs, and a. divided circle u^cmI in dett'rmining the 
amount of torsion f)f tlm tliread, A glass tube (Ix'lweeif this 
and the*nnddi(‘ of tlie lower en^ss piece) encloses the .'suspen- 
sion bread : and a gla.*^s cap at top cov(U\s the suspension 
ap]>aratiis, anil eiunjihUes the enclosure of the instrument. 

'J"he box is cy lindrical, its dimensions being inches in 
diameter by 7 inches in depth. It rests upon the marble* slab, 
and eneomjiasses llie jiillars; and it. is so contrived as to h\‘ 
raised, when necessary, for the' purpose of manipularimi. 
'riiere are two apertures in tlie box, opposite to each other. 
'I'he aperture in front, used for reading, is covered w ith a 
circmlar pic'cc of narallel glas^, atta<*hod to .a rectangular 
frame of wood winch moM\^ in dovetails:; the prismatic evn>r 
of the' ylass (if an\ ) is eorreeled hv simply revt*r.*^ing the 

Vm| ..| \ . - No. •? F .fiovV, IS to. ‘ ‘ II ii 
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slider in the dovetails, 'rhc opposite aperture is, for tlie illu- 
mination of the scale. 

In addition to the parts abovcinontioned, the instriiinent^is 
provided with a second magnet, of the same dimensions as 
tlie first, to he used in measurements of alispluto intensity; a 
thermometer, the bulb of whieh enters the box, in order to 
determine the interior temperature; and a copper ring, for 
the purpose of cheeking the vibrations. 

Adjustment . — 'Hie instrument having been placed on its 
support, the base is to be levelled, and the wlioh* then fixtul 
in its place. The levelling of the base may eonve.uimtlv he 
p»<'rfornied by the aid of a i)luml)-lhie hanging in tlu* place' of 
the suspension thread : but no great precision is reciuired in 
tins openilion, the chi(‘f object of which is that the snsptm- 
sion thread may *occu|)y the middle of the tube, and that the 
magnet may be central with regard to its support. The sus- 
peiision thn‘ad is then to he formed, aud attarhed at one 
extremity to the ndler of the susp(‘U>ion a])paratus, and at 
the other to the small cylinder which is to bear the stirrup 
and magnet. Sixt<‘eu fibrivs"^ of untwisted silk an* sufticient 
to boar douhh' (he !oa<l without breaking, and will he found 
to form ill otluu* res[)i‘(‘ts a convenient susj)ension. 

Those preparations being made, the ailjustments art^ tlie 
follou ing : 

1. 'File slid(‘rs b<‘ing plared on the niagnel, the scale h to 
be adjusted to tlu* locus of the imis, and in such a maiuu' 
that the ^centn* of gra\ity of the sliders may ho near the 
middle of the bar. 4’tu* atijuriment to focus lias been alrearly 
made by (lie artira, and (lie corre.-jionding iiis(ancc‘s of thi' 
slidersinoasurefi ; tlu'V will la* found in Talile I. 

2. The niagner#is to he connected jjith the snsj)ension 
thread by means rif the? stirrup, an'd to 1m* nif)V('d httlie stirrup 
until it ;issinn('.s tlu* horizontal position. 4'his ad^jnstmmit 
inaj^he conveniently cilocted In means of the imagt* of the 
magnet, rellcct* (1 from tin* suidfU'e <if wate r or mcn'iiry, the 
object and its r(‘fi(^*t(*d image being parallel when tlie former 
is liorizamtal. 4’h(; stirrup is then fastened by its screws, and 
the magnet wound up to the d(‘sire(l height. As the thread 
stretehejs cdnsiderahly at first, allowance should be made for 
this in the lieight. 

Ij.t The magm't is tlien removed, and tlie uumagnetic bar 


• Not tli« fihrr of the nilk woniij lull the c:on)|toiitj<l fihri* in tin*. 

sMte in wliioh ii h i»n p!irc<l ff.r spimrim:. 

f It is obvifMjiS that this sU ,» of the aiQtistinent inav prcce<lc the 1st ainl 
2n(l, where a saviinj of lime* is important. 
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(having its Volliraator similarly adjusted) is to be attached, 
without its small magnet, and allowed to swing lor several 
hours, 'i’he har having come to rest, or nearly so, its devia- 
tion from the magnetic meridian is to ho estimated, and the 
moveable arm of the torsion circle turned through the same 
angle in an opposih; direction. The pVme of deiorsion then 
coincides, approximately, with flic magnetic meridian. 

4. Thfc magnet is then to he substituted for the uninagnetic 
hart ami th<'! tot(3S(;(4K‘ being dlrec'ted towards the collimator, 
the j)oInt of the scale coinciding with the vertical wire is to be 
noted when the magnet isnn the direcl and invf rted positions. 
Half the .sum of thi^se n’iidings is the point of the scale cor- 
rcspimding to the niagni*tic axis of t\w magnet har; and half 
tlu'ir dilh'rcnce (converted into angular m(-*as*ir(») is the devia- 
tion of the linft of c.ollitnatioii of tlic toles(fopc» from the mag- 
netic yieridian. 'I’lie telescope should he nio\ed tlirough tliis 
angle in the op])f)sit(' direction. ^ 

T). In r>rdcr to 1alv<‘ out liie remaining loi>Ion of t!ie thread, 
the magiK't is again to lx* nnnoxed, and th(‘ uinnagiietic l)ar 
(with its small magnet attached) substituted. 'I'he deviation 
of tills bar from the magnetic meridian should then be rcafi 
nil* on its <rivided s(‘ale, and the nnui'able ana of tluj t(»rsif)n 
circif' turned through a given angle in llu^ oppo.-ite dlrci-lion. 
'The deviation Ix/mg again read, a simple proportion will give 
the remaining* anele of torsion ; and the tnoveahlo arm being 
turmal ihrongh iliis angle in the op])o.>ite dirofOion, aufaher 
ohser\atiou will serve^ to verify the atljnstnnnit. Vhe plane 
of (hnoTsion tln.'u coincich,*.- niili tln.^ inagiietie nieritlian ; and 
tin* magnet Ix'ing n^placcil, the iustrnmeui is n’ad\ for iisc. 

— ddie loh-ervations to l‘e made wiih tliis in- 
strunumt e.re, 1. ^)f the u/tsitluff dt r'llDai inn : *2. of the 

X'dridtinns^oJ tint drcli ntft inn : and i». of tlu* dhatnlulv in- 
Irnsitt/. t 

Kor im»asiirem('uls of the f/hso/fife dt vUnadon each obser- 
vatory is furnished with a small transit in.^^rnnient having an 
a/imnth circle. This instrninent hi*ing placeil in the magiuuii* 
meridian of tlu' «leclination instnnmmt, the point of the scale 
(coinciding with tlu* c(*ntral wire of the transit teU'^'ope is to 
be* observed; tin* interval lu*tween this jxnnt aiul tiie point' 


111 »K*trrininiu'.; llii^ Xy l?ir uu aii ef two n : !iii<s of iho m' iK* w Wh 

till' l»:ir fiTot :iml i-.iiv inii-'l tn' lakfii to t-liiiun.iio ttu' a» i’hnaln»ii 

rhaii;^vK wliirli may otciu' in ^lir iuti ri^al of tlu‘ two i»arts of tin* oXvcrvalion. 
'riio liori'/oiital fortr jUii<;m*loiiu*V*' may lu* to tin* inirjutsi* of tins 

oltminaf ion. IXn pjM'lraj**' Uio rours*' is to f.ikt' a ,Vf'/ .f s of ivadiiiijs 
i)s rajXfIlv as pos'-iX!**, ahf'rji il'’l} in iln pl.Ksilions of llic Imt, vIioomii^ 
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corresponding to tlie magnetic axis of the bar, coiivcrtcMl into 
angular measure, is the deviation of the line of eollimation 
of the transit telesi ope from the inagnetu* meridian. 'I'he 
verniers of the horizontal eiivle being tlmn read, the telescope 
is turned, and its ( entral \viro made to hisert a distant mark, 
whose azimuth (n) has been ac(*urately dotermined. If a 
denote the angle n‘ad ofl‘ on the horizontal circle, it is mani- 
fest that the angle between the magnetic and J he astrononU(‘al 
meridians is 

a + « + » 

a and r being affected with their proper signs. 'Jlie angle a 
is supposed to have been previously determined by the help ol 
the transit instrument. 

IJut instead of reftTi ing the transit tt‘les(‘i;pe din t lltf to 
the inagnetie meridian by means of the moving eoHimator, 
the >ame result will In* obtained, ami pnd)al>ly in a better 
jnanner, by relerriitg it to the line of eollimation of thr fijt'd 
telesroj)(\f with wliicb the <banges of the (Unlination are 
regularlv observed. l\n* tliis j)nrpose it is only necessary t(» 
einplov the latter t<'i(‘S(*<»p(» as a (‘oHimatrn*, the ti‘leseope being 
rf rersfd in its \ supports, if mntessarv. A lixial e(»lliiirator 
may also be ('onveniently sub>tituted for the distant mark. 
'J'his inode of observation has tin* advantage of enmneeting 
the absolute detmanination directly witli the rei.nilar st'rie.'s of 
observations; and it is manifest that it is snilieient, without 
any other means, to determine whether any, and what, changes 
may liave occurred in the position of the fixed t(*!(*scopo. 

The fixed tele^eoJ)es, funiisht'd to each r)bser\at«>r\ , have 
an aperture of \i inelnxs, and focal length ol M inches. 
Mliey should be* .fixed upon a stone pijiar, or n[)on a linn 
pedestal of wood resting on solid masonry un<*onnecl(*d wiili 
the fioor. 

Iti observing th(3 dtcUnafion rhanfffs tin* fixed l(*lescope 
(above referred to) is alone employed. I'lie ohservaVion con- 
sists simply in noting the jmlnt of the scale eoiin'nling with 
the vertical wire, at threr? succcssi\e limits of tin* arc of 
vibration. The three readings being denoted by o. A, c\ tlie 
mean point of the scale corresponding to tin* time of the 
middle observation is 

:} {a + 2b + c). 


for the time of observation a pcricul i^lirn tlie deelinalion clian^os are shiw and 
regular. Hy roiiipariug each resuU withdlie iiiran of ihr prmMlinjf and suh* 
sequent, and then taking the mean of all tln.si- j>ai tial iiuajis, a wry aceinali 
detcniimation mav he obtained. 
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Tliis mode of observation is sufficient wlicre the observer is 
not limited to a previse moment of observation. • Odierwis^? 
the nion^ exact ni(‘thod pointed out by Gauss is to he. pre- 
feiT(‘(l. * 

'I1ie chan^U’s bf ])osition of tlie scab? may l)e converi<‘d into 
angular measuns llie anj^le corn'sjxmdin^^ to (uie division, 
bein^^ known. In ^'em-ral, however, tliis .rednelion will only 
1 k‘ n‘(|nired in jhe monthly nu'an results. 

Ih'lore tlic trm* ehani^os ol ilie deelinalion can be dediK'ed 
frmil the^tfl)s(*r\ed veadin;^^s, it is iieeessarv U) a])j)ly a coriec- 
tion de|)endin^^ up(»n tln^ faxM' *)f torsion of ihc sns]u‘nsi<in 
tliread. lor sui>]K)sin<i: flial tlx* plane of deiorsion lias l)ecn 
brought (by tlu‘ adjustmenls above deserilied) to coiiicide wiili 
the. nia^iielie meridian, it is nianifi‘<t tliat nii every de\iati(»n 
of tln‘ maj.»ne! from, dial, its mean jiosiiion, tlie toision force 
will be ljroii_n;lit into ]»la\ ; and as this force tends to briii';- 
bael\ tlie niat’uei to the mean position, tly’ a)»]jarent de\ialio]i'' 
ninsl be les.s than thi‘ true. Tlie ratio of the torsion to 

the mii.L,nielie directive lone, is experinnmtally »Iet(‘rniined by 
turninj^ the jnov«‘abIe arm <jf the torsion cijvle tlirou,i;h am' 
•men lart’v aiii^le ;for e\;nn])li‘ 1H)’\ and obsa rvini;- tlie corn‘s- 
p(nnliii‘>; iinaie dinaij^di uhich tlie niai;nel is di‘lleeied. Lei 
n di‘not(‘ th(' latter an, i;le, and r the former; then lh(‘ ratio in 
(|uestion is, 

( I (f 


\ r - // 

in which (i is the eo-etlicieni of the torsion fon t', ami V tlie 
moment iiiisin;a‘ tfmji tlie aeii«m <•! die (‘arth's mai;netie fon e 
upon tht‘ fiH'e ma;^neiism ot tin* bar, tlx* tlireciitin ot the aclii»n 
bein,a; sn|»|»ose<i to he jHMpcndieiilar to its ma,i,nieiic axi<. llx' 
raliti of*lhe two forct's beini; thus foiiml, the tvm‘ decliifatioii 
changes an* deduced from die apparent, by multiidyin;; them 
l)V the eon'llieient * 

G 

1 + 

V 


In ordt*r to »»b 1 ain an exact result by the mode of experi- 
ment abo\e described, it is necessary that the ifcltntl i lianjAes 
of the declination which may occur in the interval of tin* t^^o 
readings, shouhl be eliminated. The obvious metliod ol 
accompUsbitiK this, is to •observe the deelinalion cbaiujfcs 
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simitltuneonshj with a socoml a]>]>aratiis. If such means, 
however, Sihoulcl not he at hand, tin* ohj('ct may he attained 
hv making a scries of readings witli the vernier of tlie torsion 
circle alternately in two fixed })ositions (for exaiii{)le + tMPand 
— 1)0 ') ; till' mean n'siilt will he indejumdeift of tlie (h’clina- 
tion changi's, jirovided tln^ jirogress of these changes has hi'en 
gradual in the interval of tlie exjierinient. 

.For the ])iivi>ose of di'ternuning the ohsolntc intcnsHy of 
the horizontal conqHinent of the i-artlfs magnetic force, the 
declination instrument is provided with a iicjlct tift'y tntr^ and 
a hcdtn rontpnss to he used in measuring its distance from the 
suspmided magnet. I’lie mode of' oh:>er\ atiou has heim so 
fully ex]*.lained hy (iauss, in his valuidde iiuMnoir entitled 
** InioisilU^ ris iyursiris tef iin')t.snnn)f ni^yDhfhmt 
amt in tlie liist \olume of tlie ** Itcsidlah^^ that it is lUUieet'S* 
sarv U) I'nter liere into anv ih Uuls. 


'riie folh^wing t;ih]e cimtciins the intenal ol* thi' slid<‘rs of 
the collimators, corresponding to fical adjusimeiit; and also 
lilt' are \alut*s of om* ili\ision oi' the seah' in I'aeli insdumeiU, 
exi)re>‘-ed in dec*imals oi' a ininiile. 

'rAUia: 1. 


No. of j 
Instruii\>Mil.i 

Olwcrvalory, 

Inti rvul {ti 
S^inlurs. 

An.’ v;t!u<- uf‘ 
one <ln iNion, 

I. i 

II.M.S, Ihelms 

11 -TO 

(|•72<:7 

11. 

\ an pit'inen’s Jiantl 

1201 

(>-7us.> 

III. 1 

Montreal 

11*/ -2 

y72()S 

\y- 

( 'ape of ( iooil 1 lojH* 

II IS 

0-7.V2.3 

V. ! 

St. Mi'ler.a 

1 1 '.M! 

0-7':()H 


IIt)lM»ON']\\L l oKCK MA(;NKiOMi:'li;i:. 

I'lie instrument employed in determining tiu* horizontal com- 
ponent ol the e«irth’s magnetic force is similar, in principle, 
to tilt; hiJUar maynctometer^’' of Ganss, It is a magnet har, 
suspended hy two tapii-distaiit wires, or (more accurately) hy 
two portions of tin; saint; wire, tht^ distanci' t»f wliose ht'aring 
points is the same alxtvc and below; hy th<^ rotation of tin; 
upper extremities of the win; rouml their midtlh' point, tlie 
magnet is maintained in a position at right angles tf> the mag- 
netic meridian. • 
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It is laa^iilcst from tlic nature of tliis susjKuision, that tlu*. 
ir('i(/ht of llu* susp<*n(l(‘<l body will tend to briiij^«it into tlu* 
j)psition in wbu‘li tlie two portions of the wire an‘ in tlie .svov/e 
plant' tliroii^Iiout Hk* moment of llai dirrciivi* f )r( i‘ is 
(I sin r ; — /■ (hmotini*- iheanii^lo formed by tlie lim's joining ih(‘ 
btjarin*^ ]»oints aliove and bi'low, or t^ie deviation fojiu the 
]daiie of <letorsion ; and (t lu'ing^ ex]>ressec\ by tlie formula 

(I }r 

/ 

in whicl! H' denotes die wyi^lit of tlie sn'']v.‘)iih‘d body, a lialf 
lh(‘ inlerv.d ol* the wire'^. and / their len^tli. d'lie r;n*tli’s 
nnttjnrtir /Jovr, on the oilier liand, tends to luin:^ tlie ma;*;- 
neti<* aVis of tin* bar intti the naijnietie meridian wilii tlie joree 
h sin // ; in wliieli u is tin* diniation ol‘ the ma^nietie axis 
iVoni the meridian, and I' is tli<‘ prodiiet of the liorizontal ]»ari 
the earth's ma;;:netie foree into the monieht oT iVei* nKiym*tisni 
of tln‘ bar. d'lie ma^^ie t bein*;- tints aeltal on by two l’ore<‘s, 
will rest in tlie position in ubieli llnii moments mi* eijiial 
Wduni tlie instrument is so adju:4e»1 that n --- , or tlar 

mai^'iiet at ri^'Iit angles to tlie mai^'m'lie meridian, 

I' -r (i sin /• ; 

and the ratio ofyhe Ibrees is kno\Mi, wlien we hnow tlie an^le 
r. Ibil as oin* ol' ila*se lon e's is eonsMnt, ;ind lie* other 
vanal»h-, it is e\ ideiit tliat the ]jlaev‘ ol’ t’m' mayoiet v»ill vary 
ar«)und its mea.n ])osllion, and (h.il tie* NaiiatlvaeN ol’^aieale are 
eonm‘''ted uilli the variations ol’ die (orei*. 'This eonnexion is 
expres.'^tal b\ lli<' I’onmila 

(I f' !... I ' eotan r . il // ; , 

da* aii'.tle tUn bein.ir <‘\]?res.'Ned in part*^ <»t* radios. 

( \tnsin(( tion . 'I'lie ma,Ltm*t bar is ed tin* saiiu* dimmisiinis 
as that of die dei linatii»n instrument. 'I'he ( (illimaim*. by 
whitdi it^ elianut s of position are obsi'vved, is atlaelied to the 
stirruji, and lias a motion in a/imutli. d'fu' susjji’ndini; win* 
])asses round a small en)o\i*d wheel, on die axis orwhieh die 
stirrup rests li\ iii\eru*d \ s; and tin* instrument js fnnu''hed 
with a series of siu li whei*ls, whose diaim*ters inereast* in 
aritlimetieal progression, ^dn* eouimon ditl’ereiue beinjt 
about -M*otli of an inelu) Ibr the jmrjmsi* of varyinj^; the interval 
of the wires. Hu* exact inli*r\als, (‘orri'-spondiuLt tu each 
sejiarate whei*l,ha\e bei‘n (h*teniiined hy tin* artist, by aeenrate 
micrometrical nu'asnn'nu nis ; tliey an* ^iven in dable 111. 
Hie. same interval is alteved, at tlu* ii]>per extremity, by 
means of two serews (one ri[dU-liaiuh*d and the i>ther left- 
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handl'd) cut in the same cylinder ; the wii-es beinj^ lodf^ed in 
the inti'rvals of tlie threads, and tlieir distance regidateil by a 
mievoinetev liead. The interval of the threads of this scihuv 
( wliieh is {precisely tlie same for all the instniiiionts) is yyths, 
or ‘()'2o5>7 of an inch. The mienuneter head is divided into 
100 [Kirts ; and, as onv revolution <if thi' head corvesjxmds to 
(fvo llireads of the st rew, a sinj^lo division is e<iuivalent to 
*0005101, or the of an inch nearly. Thi* inicronictcr 

liead has been eari‘l‘ully adjusted by the artist, so that \he 
index is at zi'ro, wlien the inteiaal of th<‘ wires is e.cactly half 
an inch. 

I'he eolliinator, in this instrument, is cnelostMl in a lij.d^t 
tiibii attaclu'd to the stirru]). 'flu' aperture of the lens is 
about t^erths of an inch, and its local linij^th about S inclies. 
The divisions of tlu^ scale are the sanu* as in die collimator 
of th(' dt'cliiiation maj>'iictomctta* ; thc^ corresj'ondinj^arc vahu‘S 
liave Ix'cii ascertaiiu'd liir <»ach inslrumi'iit by aca uraU' c\im'- 
riment, and are ojven in Table lb 

The larger [larts ol’ this a]>]>aratus, — thi‘ box, the Iranu'work, 
and llu‘ sup})orl,--an‘ pna isely similar tt> ibost' of tin* declina- 
tion niagnetoinet(T. lii adilition to the, parts already deseribi‘d, 
the instrnin(‘nt is limiisbed with a s})are. niaj<in‘t ; a brass 
weit;;ht, recpiired in deterniiiiin^ tlie])Iane of <let*)rsion of the 
win's ndatiMdy to the nia«^n<‘tie meridian ; a t1ierm<>met(*r, the 
bulb of which is within the box, for tb(' jmrposi' <»f aseertain- 
inji; the intirior temperature; ami a ioppt'r rinj^ used in 
cheeking llu* vibrations. 

A(/Jifs/?nrnfs . — d"be instrument being ]>la( ed (m its support, 
the base is to be levelled, and the. ula^b* apjiaratus tixed. 
Having till'll seleeti'd one of thi* sm dl grooved wheels, and 
fixed it, tein])orarily, with its axis hori/eolal, tlie wire is to 
bt' jiassed round it; and the I'rei* extremities (»1‘ th» wire being 
passed through the corresponding hob s in tin* sijspensiou 
rolb'r, })laeed bemaili, weights are to be attached, and the 
two ])ortioiis of tl\e win* allowed to assumi' their natural p<»si- 
tion; the i'Xtremitiiis may then hv fasietted ti* tin' rolh'r, by 
introdueing small wooden lihigs in the boles. 'I'he jiarts an*, 
tlien to be diverted, and ])ut in tbc'ir proper jilaci's ; the sns- 
jiension apjiaratns resting on the diviebid circle, and the wire 
hanging down the tube. 

The collimator (its scale liaving Ihu'ii pn'viously adjusted 
to focus^) is U\ b(‘ screwed on to the stirrup, and tlie latter 
attaclied to the axis of the grooved wheel by means ol‘ its 
Y’s. I’lie magnet is then iiUrodticc'cl into the stirnij) ami 




^ This .Klju.stincnt has been already ma<h’ by the artist. 
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levelled’; and the wires wound upon the roller, until the colli- 
mator is at the desired height. 

^I'hese preparations being made, the adjustments are the 
following : » 

1, Detennine experimentally die angle tlu'ough which it is 
necessarj' to turn the moveable arm of^tlie torsion circle, in 
order to deflect the magnet Ironi the inaguptic meri flian tO di 
position at right angles to it, the two positions being merely 
esti^nated. lire cosine of tliis angle is, approximately, the 
ratio of the magnetic force to the torsion force, or the value 


of tlW! 


fraction 


F 

G' 


nie 'nearer this ratio is to unity, the 


more delicate will be the instrument ; practi'ially, will be 
found a convenient value. If, on making the foregoing 
exj)eri|nent, the ratio should be Ibund to lall below', or to 
exceed the proper liniit.s, tlie torson force must be altered by 
introducing a different wheel, and making tlie corresponding 
alteration in the interval of the upper c.xtreinitics of the 
wires. 

2. The magnetic axis being brought, a])proximately, into 
the magnetic meridian, by turning the moveable arm of the 
torsion circle, the collimator is to be turned, by its independent 
motion, until soun; j)oint about the middle of tlie scale coin- 
cides with the vertical wire of the fixed telescope. This point 
of the scale is to be noted in the usual manner. 

3. The magnet is then to be removed, and the bress weight 
attached. Note the new jioint of the scale which coincides 
with the wire of the ttiescope. Then, if the magnet had been 
placed (in the }»revious experiment) in its direct position (i. e. 
north tonortli) the*e’?ror of the plairo of dctorsion is 



t' being the difference of the two readings, converted into 
angular measure. If, on the other htind, the magnet had been 
reversed (i. e. north end to soudi) the error is 

The moveable arm of the. torsion circle, is then to be turned 
through this angle, in the opposite direction ; and the mag- 
netic axis will be in the magnetje meridian. 

• 'Hie difference of the two readings, correspontling to a 
given error, being much greater in the reversed than in the 
Vol. dV._No. 24, April, 1840.- I i 



462 


Instructions for the Scientific 

direct positic^n of the magnet, it follows that the former 
affords a much more delicate method of mahiiig the desired 
adjustment. 

4. The brass weight remaining attached, tun! the moveable 
ann of the torsion t'ircle through 00""*. ''Theii tiini back the 
collimator, until some point. about the middle of the scale 
c!oincides with the verticle wire of the fixed ttdescope ; and 
note the reading. 

5. Now remove tlie brass weight, and replace the magnet. 
The magnetic force oi* the earth will bring it back towards the 
magnetic meridian, and the scale will he thrown ont of the, 
field of tlie telescojK'. Then tnrn'^lhe moveal)h' anii of tlie 
torsion circle until the ])oint of the seale last noted is brought 
to coincide again'with the wire of the telesco]>e * the magnetic 
axis is then in tlie ]>lane perjieiidicular to the ihagnetic imni- 
dian, an<l the a<ljusiment is c^nnjdete. 

ObserratioHs. — The observations to 1)0 made witli this 
instniuioiit are tliose of the nh^vhde value of tin* Jtorizonfal 
intensity^ and its vhanyes. 

From tlie (explanation of the princi])h* of the instrument, 
given above, it is manifest that it will serve to detennine the 
moment of the force exerted by tlie earth ujion tlu* I’n'o 
magnetism of the susjiended bar. fiOt X denote (as hefon*) 
the horizontal part of tlie earth’s inagnetie force ; m the 
moment of free inagTietism of the bar; then 

X =- F, 

F having tlie sann? meaning as b«'fon* (page ^30.) Ibmct 
substituting the values of 1’ and G, we have* 

Pit X — //• -sin r, 

/ 

in which equation all the quantities of the second ,^ncmbcr 
may be obtained by direct measiireixient. The chief diffumlty 
in this method consists in the determination of the quantity r/, 
whicli should lie, known to a very small fractional part of its 
actual valuer This difficulty has been ov<*rcomebv the nreasur- 
ing apparatus connected wdth the suspension, wdiicli (as has 
been already stated) serves to deteriniiii^ tlie internal of the 
wires, at their iippiir extremity, to the yry^Tyth of an inch. Tlie 
numbers given in Table III. for the lower interval, may be 
relied on to the same degree of accuracy. It is scarcely 
nece.ssary to mciitkm that the4en^th *of the wires, is to be 
measured between tlic^ points of contact above and below. 

The produc t of the eartli’s magnetic force into the magnetic 
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moment the bar being thus known, the ratio of the same 
quantities is to be determined by removing the b^r from the 
fytirrup, and using it to dojlect the suspended bar of the 
declination instnmient, according to the known nK‘thod 
devised by Ga^iss. The c»xperiments of deflection may, 
however, be ])erfonned without the aicl of the second inagne- 
tonu^ter, by operating upon anotlier ba1r plactnl in the rerersp 
position. This method has even tlic advantage in point of 
dehcacy ; but it labours under the disadvantage of requiring 
that tile Vtilue of p 

' 7 ~ shouJd be d etennined for the second bar. 

Tlui (‘hiefuse of thisapi)aratus is in obstuwing the rarintions 
of the intensity. In these observations it is only nec<\ssary to 
note, at any vnomcuit, tin', jioint of the scale coinciding with 
tin! vertical win? of the fixed teh^scojic, tin? modi? of observing 
bi'.ing precisely tlaT saini' as in the other instruiueiit. Let be 
the number of divisions, and parts of^ti division, by which 
tin' n'ading at any moment differs from its mean value; then 
the coiTt'spoiiding variation of the angle (in parts of radius) is 

// n n a , 

a denoting the arc value (in parts of radius) coiTcsponding to 
a single division. Substiiuting this in the formula of page 
•151), w'e have 


itY 

K 


= a a eotaii v = k n ; 


k being the value of the C('nstant co-eincieiit a coian r. 'Plie 
values of’ a Innehe^i n deUrmined for each of tin' instruments, 
and are g^en in lable ib 

Till' quantity V, in the preceding formula, is the ])rodiict of 
the earth’s magnetic force into the moment of five magnetism 
of the 'bar ; and as the latter quantity varies with the tempe- 
rature, it is necessary to apply a coiTcclion, before we eaii 
infer the true changes of tlie, earth’s force. 'J’liis convetion 
is easily deduced. Since. F = X v//, there is 

d F d\ d m 
— : — + — ; 

F X 


so that the correction to be ajiplied, in order to deduce the 
value of d X . d m 

IS* 

X * m 


Liit t denote the temperature, iu 
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degrees of Falirenheit ; q the relative change of the magnetic 
moment corresponding to one degpree ; then 

d m 

= jr(/~32). ‘ 

m 

I 

Accordingly, the ch.'inges of tlic earth’s force will be expressed 
by the formiila 

rfX 

= k n ^ g {t-*- 3*2). 

X 

It is not necessarv'that those reductions should be applied to 
the individual results,, excejrt in cases of marked change, 
where it is desired to trace the progress of the actual })lienoine- 
na. The results should he recorded as» they are obsen ed, 
in parts of the scale ; and the reductions made in the monthly, 
or other mean values. 


Table IT. contains the arc values of one division of the 
scale, in each instrument, expressed in decimals of a minute ; 
as also the same quantities reduced to radius, as the unit by 
midtiplying by the number ‘0002909. 

Table III. contains the inter\'als of the axis of the wires 
corresponding to each wheel, in decimal.s of an inch; 
the wire used being that designated in commerce as “ silver 
fine 6.” 


Table II. 


• 

No. 'of 
Instrument. 

Obscrralory. 

ij 

Arc Taluen of one division* 

In Minutes. ; 

In parts of Radius. 

I. 

H.M.S. Erebus .... 


•0003127 

II. 

V an Dicmen’sliand 


•000.3142 

III. 

Montreal 


•0003124 

IV. 

Cape of Goodllope 

1084 

•0003153 

V. 

St. Helena 

1080 

- ’ 'i — — 

•0003142 







Expedition to the Antarctic Regions. 


465 


Table III. 


No. of 
Wheel. 

•I. 

iI.iVS.S. 

Erebus. 

11. 

Van Diemen’ 
Land. 

1 

2 

•2536 

•3tl32 

•2540 

•3058 

3 

•35-2}) 

-.3.516 

i 

•1058 

•4J088 

5 

•156-2 


(i 

•5055 

•5071 

7 

•5555 

•560-1 

H 

•6071 

•6071 


Vkktical Fokck 


III. V 

Montreal ^ St. Helena. 


•2529 

•2.542 

•2536 

•3055 

•3055 

•3065 

•3520 

•3407 

••1513 

•4078 

•40.52 

•4071 

•4581 

■ 4.555 

•4545 

•5042 

•5055 

•5058 

•,5588 

•5565 1 

•5501 

•6071 

•6007 

•6081 


ACXKTOAflOTER. 


The iiifitmmeiU list'd in detcrinining the changes of the rerti- 
cal rn/npotinif of the magnetic force is a magnetic needle 
resting on agate jilant's, l»y knife edges, luul brought to tlie 
horizontal po.sition by weights. I'min the changes of posititm 
of such a needle, the changes of tin? vortical force inaj’ be 
inferred, when we know tint nu;an inclination at the place of 
observatitm, the azimuth of the plane in which the needle 
moves, and tin? angh? which the line connecting tlnj centre of 
gravity ainl centre of motion makes ivith the magnetic axis. 
As, however, tin* di'tennination of thi.s latter eonsuint would 
involvti the necessity of considerable additions to the ajipara- 
tus, the plan adopted has been to adjust the needle so that the 
angle «[ues!ion siiall be nothing. The centre of gravity 
being thiLS brought to soun? })oint of the magnetic axis, the 
changes of the vertical force are connectetl witli the changes of 
the position of the needle by the formula. 

— <*08 a cotan . » a ? ; 

h 

d ? denoting the change of angle in parts of radius, a tin? 
azimuth of the plane in which the needle moves, and 0 tin' 
inclination. 

Construction. — The magnetic needle is 12 inches in length. 
It has a cross of wires at each extremity, attached by means 
of a small ring of copper; the interval of the cro.sses bi'ing 
1 3 inches. 1'he axis of tlv nCedle is formed at one part into 
a knife edge, and at the opposite into a portion of a cylinder. 
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having this edge for its axis, the edge being adjusted to pass 
as nearly, as possible through the centre of gravity of the 
unloaded instmmont. 'llie weights by Mrhich the other 
adjustments are effected m‘e small brass screws moving in fixetl 
nuts, one on each arm ; the axis of one of the screws being 
parallel to the magnetic axis of the needle, and that of the 
trther perpendicular to it. 

The agate planes upon which the needle rests are attached 
to a solid support of copper, which is firmly fixed to a .uas- 
sive marble biise. In this support there is a p.'ovision for 
raising the needle off the planes, the contrivance for effecting 
tliis object being similar to tliat employed in the inclination 
instrument. The whole is covered with an oblong box of 
mahogany, in or^e side of which are two small glazt'd aper- 
tures, for the purpose of reading; the opposite side of 
the box is covered with plate glass. A thermometer, within 
the box, shows the temperature of the interior air ; and a 
spirit level, attached to the marble base, serves to indicate 
any change of level which may oc<-ur in the instrument. 

The position of the needle at any instant is observed by 
means of two micrometer microscopes, one opposite each end. 
I'heso miscroscopes arc supported on short pillars of copper, 
attached to the base of the instruincnt. They are so adjus- 
ted that one complete revolution of the micrometer screw' 
corresponds to 5 minutes of arc. The ini«:r()m(;ter head is 
divided into 50 parts ; and, con8e<.juently, the arc tmrrcspon- 
ding to a. single division is ()**1. 

In addition to these parts, the apparatus is prrividcd with a 
brass bar of the same length as the magnet, (furnished like it 
with cross wdres at the extremities, and knife-edge bearings,) 
for the purpose of determining the zero, points of the micro- 
meters ; a brass scale, divided to lo', used in ».ljustitig the 
value of their divisions ; and a horizontal needle, to be em- 
ployed in determining the azimuth of the vertical plane in 
which the needle moves. 

Adjusim€nls.--i!)a.c follow'ing are the adjustments required 
in this instrument : 

1. The i.nstrumont being placed on its support, iii a suita- 
ble position with respect to the other two instruments, the 
azimuth of the plane in which-the needle is to move inay^bc adjus- 
ted in the following manner. The plane is made to coincide, 
in the first instance, with the magnetic meridian, by means of 
the horizontal needle which moves upon a pivot fixed to the 
top of the scale. A small theodolite (or other instrument for 
measuring horizontal angles) Is then placed on the base ; and 
its telescope brought to bear on a distant mark. The teles- 
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cope should then be moved through a horizontal angle equal 
to the intended azimuth of the instrument, but in an* opposite 
difoction. I’he base of the instrument is next to be turned, 
without distil rlfin^ the theodolite, until the mark is again 
bisected by the wires of the telescope : it is then in the 
required azimuth. 'i'he base should then be levelled, and 
permanently fixed. • 

2^ The microscopes should now be adjusted, I. to bring 
the image of the cro.ss wires of the ueedie to coincide with 
the wire^ of the microscopes; and 2. to make the arc 
value of the interval of tUb wires* corresponding to one revo- 
lution of the micrometer head, exa<-tly eijual to five minutes*. 
These arrangements have been nearly eflccted in the first 
construction of the instrument ; for the pufjiose of comple- 
ting the adjustm('iit, the microscopes are capable of a double 
inotioik, one of the entire body of the instrument, and the 
other of the object glass alone. It is manifest that tliese two 
movements are suflicient to eflect both adju.stm(.‘nts. The 
former is attained whmi the crossof wires is seen distinctly (and 
without parallax) at the same time that the microscope wires 
are exactly in the focus of the eye-picce ; the latter is accom- 
plishetl when the mov<*ablc wire of the microscope is made to 
jtass over a given number of divisions of the scale, by double 
the number of complete r(?volutions of the micrometer head. 

.3. 'Yhojixcd wires of the microscopes are then to he adjus- 
ted to the same horizontal line. This is efiected by means of 
the brass needle. 'I’liis needle being placed upon \he agate 
planes, by its kuifi> etlges, and allowi'd to come to rest, it is 
manifest that the line joining the cross wires will be horizon- 
tal, provided it he perpendicular to the line joining the centre 
of gravity and the a?is. 'Fo effect this latter adjustment, the 
needle (a great part of whose weight is disposed below the 
knife ed{|»e) is furnished also with a small moveable weight. 
The tes4 of the adjustment is similar to that of the correspon- 
ding adjustment of the ordinary balance.* The moveable 
wire of one of the microscopes being brought to bisect the 
cross, if the adjustment is complete, it vvill bisect the cross 
at the other extremity ujion reversal ; if not, the* position of 
the needle will indicate in what manner the weight is to be 
moved. 


* Thi.H uiljustinriil is by no jm'-air? a flipccssary one. It is sufficient for aJJ 
|>iir|M».ses if ilie are value conespoiiaiii!]|; to one revolution of the micrometer 
be ueeiiraiciv kmiwxi. 
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A horizontal line being thus obtdined» the fixed inrires of 
the microficopes are to be adjusted to it, by moving the cap- 
stan-headed screws with which they are connected. • 

4. The last adjustment is that of the magnetic needle 
itself. This adjustment is twofold : 1. of tfte needle to the 
horizontal position ; and 2. of the centre of gravity of the 
needle to the magnetic axis. To effect this double adjust- 
ment the needle is furnished with two moving, weights, one on 
each arm. These weights (it has been already stated) 'are 
screws moving in fixed nuts, one in a direction parallel to the 
magnetic axis of the needle,* and the other in a direction at 
right angles to it. By the movement of the former the needle 
is brought to* the horizontal position ; and by that of the 
latter, the centrc’of gravity is made to coincide wdth the mag- 
netic axis. The latter part of the adjustment is tested by 
inverting the needle on its supports ; the inclhiation of the 
needle should not be altered by this inversion when the 
adjustment is complete. 

Observations In observing the variations of the vertical 

force with this instrument, it is only necessary to bring the 
moveable wire of each micrometer to bisect the opposite cross 
of the needle ; unless in seasons of disturbance, the needle 
will be found at each instant to have assuine<l its position of 
ef[uilibriuin. The interval between the fixed and moveable 
wires, expressed in angular measure, is the deviation of the 
needle of the horizontal position ; and the changes of the 
vertical f<5rcc are thence obtained by multiplying by a con- 
stant coefficient. 

If n denote the number of minutes, and parts of a minute, 
in the observed angle of deviation, the changes of the force 
are expressed (as in the case of the oth(^ component) by the 
formula. * 


in which the constant coefficient is 

- k — cos a contan B sin 1'. 

The quantity F in the preceding formyla is the product of the 
vertical component of the earth's magnetic force multiplied 
by the moment of free magnetism of the needle ; or 

F Y. 

Accordingly the results thus deduced require a correction for 
the effects of temperature upon the quantity m* This correc- 
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tion is similar to that applied to the horizontal intousity ; axvl 
the corrected expression of the changes of the vertical com- 
ponent is accordingly 

* ^kn^q r/— 32); 

where t denotes the actual temperature* (in degrees of Fah- 
renheit) at the time of ob.s(!rvation, and q t!^e relative change 
of th(s maguetid moment of the iieed'e cor.'e.'ponding to one 
degree.' «f\s in thecaso of the olher iu^trurui-ut^, however, 
it it! not in general nece.s^iy y to ayi)l\ ihccc rcducuous to the 
individual rc&ults. ‘ • 


'Fi.mks oi' ion. 

'ilii' ()bj('cts*of iniiuin ‘m : -ivi innv ln:- 

iiaturjrfly (‘hissod undor t\vr> litNul-. arf-'iiutiiij’ n - l!ii*y 
1. to tho alisointa vnlur.s of tin* ifinum iiifiiis at a idvoii 

epoch, or lln‘ir mean \a!ues for a n jx^rioii ; or '1, to the 
varidtioifs which tliost* elements u:nic’r.L>o rVom one epoch to 
anotlun*. It will he convenient to < (iI;^ii;cr' >cp;;riito!y tlio 
observations rehitinir to thest‘ two hr.ain h; s oF t!ic‘ subject. 

A n so 1 . r r i: 1 ^ et i : v: i r i o \ . 

l?y tho nK'lhod of (»hs(>rvation vdiii h lias V»e( u sn-j::csred 
for the (thsohifE thclutaf ioiK <‘very di o-nninatiou of tl)t» jiosi- 
tion of the dt'clinalion bar is rt inlercd aleoiuti’. tVe. liave 
only to consider the varvine' anule hetvicen tlu' nnurnctic c.\is 
of th(» bar and tin* line of coHimatem ot die ii\cd tele.<('*'.])e, 
as a eorrection to ho appliinl to th<' < (Oi-tan? ancle already 
determineil)^ Ijetwecf^ tlu' latter lim* m.d »i*e nu ridian. It is 
manilcst tliat if the jijthf of tin* ol coiiumition ot tiie 

tcdescojx# < ouhl ho ili'tumded on, a siuLlt' detenninatioii o>tine 
lalti’.r ai 4 ‘..d<' would hi* sulli'dent. lint liiis i.> not to l;(‘ tn:.-?- 
cd for anv i'i>nsiderah!i‘ period: and it ^ i!! h'^ tin'iinoit' 
nec«'s.--avv, from time* to time, to ri'k r tlie ine (»f ce.llimation 
of the t(d('sco]»e to the meridian, by merms of ilie transit 
instrument, 'riiis ohservatiem may 1m* n])eatiMl ouVf (f htr.nth^ 
or more frecpiently if any chanuo in to*' pa»sili«m of the tele- 
scope be su.spected. 

In the ca.-e of tin' htirftsifif, \hovc i.s another source ed' error, 
(besides that diu* to a. i hat\ee in the ^)o^i1ilnl of tlie 
xnents) which can onlv lx* pnarded n-r.inisi by a repel it lou nf 
abfinhile measurements. * The i#ia*^jietic iiionieut of the mag- 
net itself may alter ; and the observations ot intensity t hain.:es 
VoL. IV.-l-No. 2d, ///i/v7, 1810. K k 
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afford no means of separating this portion of the clfcct from 
that due to a change in the earth’s magnetism. 'Fliis separa- 
tion (‘an only be effe(*ted by means analogous to those 
employed in the determination of the absolute value of the . 
horizontal intensity; and accordingly one or other (or 
both) of the rnethodi;; proposed for this determination should 
be occasionally resorted to. It is desirable that this observa- 
tion should be repeated once in every monlh; and 
frequently, whenever the changes observed \(^th the hori.:()n- 
tal force magiietonieter indicate, by their progressive 
character, a change in magiu'tic moment of‘’ the su»- 
pended bar. 

It would be (*asy, in theory, to devise a metliod by'wliicll 
the vertical fonvj magnetometer might made to serv(.‘ in 
determining the absolute value of the vertical intensity. 4’he 
means which at jircsent olVer themselves aj^pear, ho\ve\er, to 
be surnninded with prm.'tical dillicMilties ; and it secmis .'^afer to 
deduce? this result indinclly. From the formula^ given in 
page 452, we have 

V --- X tan 0 ; 

so that if till* inrlinofion 0 Ix' known, and the liori/ontal 
intciihity X determined in absolute measun', tin? \ertii-al intiMi- 
sity ^ is ini’erred. 

k’or the purpose oj‘ obs(*rving the elemeiil 0, (‘aeli olisiMAa- 
tory is liirnisiied wiili an ineliiialion instnnneiit, the eircii* of 
which is bi- inches in diamoter. 'Tin' (»bservation .-hraihi Im‘ 
iiuuh‘ in .in ojuai sjxna*, remote from the nnignets 

of the ol)sevvatovv,and from other disturbing iiillmaiees ; and 
a scries of measures slioiild be taken simnUtnonHshf witli the 
two iiileiisiiy niai^iM'tomeU'rs, for tln^ piirjiosi* of eliminating 
the vhaoyrs. uf the inrUnnlinN wliieh imt^' occur ip the eoiirsc 
of the (ibservation. As to the mode of obsiTvalion, the best 
sei'ilis to be tlic usual one, tln‘ plane of tlie circle (fiineiding 
will) till' mag]i(‘ti<’ meridian; but for the ]Mirpose of telling the 
axles of llie Jiee(l4i s, and tin* divideil limb of the instrmm‘nt, 
it is (b'sirabh’ that some obsenatimis slnnild In* made in 
rarihi/.s nzintnihs^ — for exanqde, e\»'rv db »)f tin* a/imnth 
circle coinniencing with ihe juagnetic meridian. The inclina- 
tion then inferred, from (‘ucli pair of correspoudiug results, 
by the formula 

cntair 0 ~ cotairf + cotaii' T; 

? and r being llnr observed angles of inclination in two plain's 
at right angles to oin; another. Where, the inclination is great 
(as at Montreal,) this niethotf wiH serve to test only a liinil<‘d 
portion of the circumference of the axle, and limb. In iliis 
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case tlio host course apptjnrs to be tliat pointed f)at by M.ijor 
Sabbjo,^’ namely, to convert one of tlie iiec'dles, t(!Mi])or;irily, 
ii*to a needle on Mayi'r’s prinei]>le, by loadinj^it with sea]iii|'« 
wax; and to ^leduei^ tlie inclination, from the angles of 
positioTi of the lo?uled n(‘edh', by the known formula ol‘ Mayer. 
The observations hero suggested liavii\g been very carefully 
made, and the inelinalion chaiiges eliminated in the manner 
above explained, the ohs(.'rvc<I difference iRdween the mraa 
and^he result obtained in the tuftynvfic meridian^ should be 
applied as^a eorreetion for the errors of axle and limb to all 
future observations made #n the meridian. 

These obsm valions sliotild be made at the same jicriods as 
those of the absolute horizontal intensitv, 

•\’aui\tion or THE Ki.rMKN'is. 

7'he variah'ofts (d tiu' maenetiti ehniients are, 1. 'l'lu)se 
variations whose ainoniu is a iunetion of the /tour rnif/le of tlie 
sun, or of his iDiajiludc ; and which return to tli(‘ir original 
valm.vs at tin* same hour in sne(•e^■^i\ (» days, or th(' same 
seas(ni in suera'ssivi' vt’ars. d'heM', from their analogy to the 
corrt'sponding ])lan(Mar\ inequalities, may be deaioininattal 
pi^riudiraL *2. ddie xariatijuis, whieh are either, eontinnally 
prntjrcssuu j or <'ls(' laMuiai If) tlu'ir former vahu^s in long and 
unknown perirxb ; liuee may i») like manner be dmioininatetl 
.‘i. I hi* Irnr/tf/f/r variations, whose amount t hanges 
frmn one inonuMit to anotlu'i, and wliieh observe (ayijiarently ) 
no law. 

'y\u* jx^rifidiraf variations (witli t!u* ex«a'ptlon of tho<e <»f 
liuw/r(7//^r///o;^ ) ba\ e intlu'rto been little studied; and, I'ven 
ill the easi* of tin" si^;gle element just inenjioinal, the results 
liave scarcely gone beyond a gein*ral imlieation o{' the Innirs 
of maxiijia and minima, and <d’ the ehanges of tlu‘ir amount 
with tin' season. 'I'he suliject is m'\ertheless of tlie liigTiest 
importiiliee in a theoridical point of view. 'I1ie plu'nomena 
dejiend, it is manifest, on the action of sol?\r heat, operating 
probably through the medium of therino-elec trie currents 
induced on the earllTs surfa(*e. Heyoiid this rude gin'ss, 
however, indhing is as yet known of tlie pliysieal t\aiise. It 
is even still a matter of spemlalion whether the solar intln- 
enee be a principal or only a subt>rdinafr cause, in the 
pheinimena r»f terrestrial magnetism. In the former ease, the 
periodical changes are to be regarded a.s tlie olfetd only of tlie 
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variationft of tluit iiirliioiice; in the latter, they must be 
considereil as its (Mitire result, the aotion in this case only 
scjTving to modify t!ie plicuomena due to some more poteiit 
cause. It may he fairly lioped that a diligent study of this 
class of jilu'uomemi will not only illustrate this and other 
(!oni)ll'iil points in th.cv pliysira! foundation of tlje seience; hut 
also, whenever that ph\>i:'al cause shall ('ome to he fully 
known, anil l.e made tl'.e ha/is of a mathematical theory, the 
results obtained will ser»! to gl\e t{» tlie latter a numerical 
oxjn'Ossion, and to tv'st ii trutli. loen the kno^vledge of 
tlic em])irieal laws of t!ie uonrly ami monthly fluctuations 
must prove a cniL-idi'reJ.le n i-e>.sion to si'iioiee ; and fas one 
of its more obvious “’'oiiv-. 5:ons) will enable tlie oh-.ervXT to 
reduce liis resun- ibis class of ihangt's is con- 

cerned, to liu ir ui('iui v;iluv.- . 

For the cemiih te dicli'noinatiou of the hourly and monthly 
changes e.j'ihe maauetie. elcm-Mits, a persevin'ing and lahouri- 
ous svsteiU of ob^ervaiion i> la tjuisite. The iniuju/dr ehanges 
are so freo\u.’'.i{, and (»i‘!en .'.o eon>ideral)le, as (pa.rlially at 
least) to m<r.k tin* regular; and lli(‘ observations inu>t he 
long (‘ontlnue!! ai the same Imurs, before we ean he assured 
that the irieaularirhes di > not lom.'^ibly alleet the mean results. 
Again, in a llieon t’n a! point of \iew, the nocturnal hrain‘h 
(;f the eiirvi’s by wliioii the pc'riodieal ehaiigu'> are n'[)re>ente(l 
is (jiiiri' as iu'porrant a. the diurnal ; and it is manifest tliat 
nothing ean he <!one towards its determination without the 
co-(tperai*;i'n of a number «'f oliser\or>. At, each of tluj 
ohsvrvatorles aboot to lie foiimhMl by the liixnality of Her 
Maje sty's ( lovernmeul, tln’iewill he three assistant f)ljservcrs 
);l;ieed under th(‘ command of the diivctor; and it is intended 
that th(* (}l).''ervati<^n.s ^hail he taken ecc/y iuo hoiiry, through- 
cut the tw viity-four. In (»riier lliat this series of ol^servatnms, 
whi^h is e-j ceiaily ilestjued tor the d(;lenninalioit of tin* 
periodieal changv’s, may at the same time east boipe light 
upon the irregnliy’ ino\m/ients, it is projxised that they shall 
he alnufllniutfus at ail the (diservatories. 'Mie hours which 
hav(‘ hnm agreed njjon are the crun liours (0, 2, 4, h, &e.) 

HH'UH (hue. It is likewise intended tliat o//c ob- 
servation (d’ tin* t\v(‘lve shall he a triple observation, the 
p.ositioii of tln^ magnets being noted five mimites hrfore and 
(tfUr the H'gular hour. I'lie t.inn* of this triple observation 
will be 2 e.M., ( 1 id t ingen mean time. 

Tlio haroMietcr, and the wet and dry llicnnometers, will 
be registered at (‘acli of tin; twelve magnetic, hours. No 
observation will he taken on Sunday. 

No distinct series of observations is rcjpiired for the deter- 
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raination of tlio secular variations. In the ease of the dedi^ 
nation^ tlic yearly change will ho f)btaii!e(i by a (•orn])arisuu 
of the monthly moan results (for the same month and same 
hour ) in succM^s.jive y<*ars. The observations of two years 
only will thus furnisli 14 1 s(‘])arate results, from which both 
the periodii*al and the irregular cdianirf-s are eliminated; so 
that erc'al |)nM i.^ion may hi* (‘Xju’cted in tlio final r(‘sult, not- 
with^tandiiiij; th<‘ limittMl jauiod of observation. 4'he same 
iTKxTTi of ivcluction will api)ly to tlie two (‘omponents ot‘ the 
inti pr()\i<led that no change shall hav(‘ taken jdace in 

th(* ma;jnet.ic moment ofjtlu* bars emj)loy(‘d. In tin* latte r 
event, rianmix^ must 1 j(‘ had to the ahsolnle dcltMininatioiis 
for a kno\\h‘(l;j'e of the secular cliani^es. 

'rh(‘ suhjei't (»r tin* irn fOihtr ha^ arajuirml a 

])romincnt, ;‘nd almost ah.-( rhinn intrri-o. from the recent 
iliseo^cries of (lau>s. It has ht*cn a><‘(*rtan;e(l tlj.ir tin* 
resnilaiit directiem of tin' foiac'^, by \\4iich the liorizontal 
needle is a< liiated ai ;] ijiven piart^, i- incr ssonflj/ Mxry'iWif^ the 
oscilliitions hein:r sometimes small, sonit'timcs \ uy c'onsidera- 
bl<':--that ‘similar Hurt (i;tti{)n-' eaamr at the most distant parts 
of the earth’s suriaca*, at u!ii'. h cm t espondinir ohservalions 
have l)(H*n as vet m<ade - and tliat the instant (tf their (u-ciir- 
nmet* is tin' sattn* i'very where. The intensity of the 
lioriztmtal foree has bee n found subject to analoL’-ous per- 
turbations. 

I'or the full t'lucidation of tiu* law's of ilnx* nne.t interestinir 
phenomena, it is tif the Hist importance that tlie stations of 
o})si*rvalion sliould In' separated a> wiih'lyas jn^ssibli* ()\ (U* tlu' 
i‘artlj’s and that tlieir positions should lie chosen near 

the ])oin(s of maxima ;fnd minima <d’ the inafjmMie tdenumls, 
'i bis lias Ix'en in a ere<?t nu*a>tin' ina omplislnal as reirards the oh- 
sf'i vatories aboiit to Ix' founded by Her Majt'sty'.s ( io\ eminent. 
'lUv sta.t#ons are w ide asunder in ireoLiraphical ]msilion, Miul 
thi'y aix iti tin* neighbourhood of points iif prominent int('rest 
in K'fenmcc' to tlx* isod\ nami(‘ lines, d in* m-sults of obsi'rva- 
tifin at these* stations will soon testify wlu*ther tlie shocks to 
which the magnetic needle is subject, are of a local or of a 
universal character as n'irards the idobe* ; ami in eHtlu'r t'M'iit 
we may c\])eet that they will furnish information of i:reat value 
(in reference to a physical cause) as to the ina<;uiluile o{ the 
phenomena in different plaei's, and the elements on which it 
dejx'iids. 

Ill the ohservafions destined to illustrate these ])hen(»ineiia, 
it is proposed to follow,’ as^neurlv as pc^ssihle, tlie plan laid 
down by (liiuss. (.)ne day in each montii, namely, the last 
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Saturday^ will bo do voted to simultaneous observations on 
this system; the observations ooinmencing at 10 i». m. of 
the prec(*(liiii^ eve ((hittiugeu mean time,) and continuing 
throiiuh tlie 24 hours. 


.L\l\. — Oil Elect ro-Magm tic Forces. By .1. 1\ Joi lk, !^s(j. 

1. About the ooinmenoemout of last April, 1 niade some 
ox])ei iim*nts in oleotro-nuignotism, • whieli I had tiii‘ jdoasure 
of coiumuiiicating to tlie readers of this exeelhmt work, in 
two loiters to the Editor, dated on the 28th of May, and on 
the 10th of JulV. I atn desirous of milking some additif.inal 
observations on that s.uhjeet, espe(*ial!y as subseejnent expe- 
ri<uiee has enabled me to [dace in a niortj eorreet viev: some 
of the efleets I tlunj witncs-od. 

.. 2. I have showu^ tliat wlum a ( iiriaMit of vollaict-eha^trieit y 
IS trausinittc'd through tlu‘ eoils of two eleetro-magn(‘ts, their 
mutual attraction is in tin' ratio of the s(juare.s of thi* ijuanlities 
of (deetric Ihroi' and also that tlu' lifting power of thi 

horst'-shoc*” el(*(‘tro-magniU. is go\erned by tin* same law. 

‘E 1 hav(' n'eently madi* experiments whieli proven that the 
attraction of tln^ electro-magnet, for a maL»*nct of eonstant 
force, varies in tlie simph* direct ratio <d‘ the ipiantity t»f 
elect rieity passing throngh the coil of ilie idcjctro-magin't . 
(In order to succeed, it is n«*cessary to guard against the 
effi'cts of induction Iry a prop(;r arrangement of the a[)paratus.) 

4. Alagnetism appears therejV)re tt> he excited in soft iron, 
in the direct ratio of the magneti>»ing electric force; ami 
electro-magnetic Sttraction, as well as ♦»Iie attraction of stei'l 
magnets, may he e{)nsidered as projiortionale hf the j)ro<lu( t 
of 4he intemsities of each magnet, or, wl)i(*h is rfh(‘ same 
thhtg, to the number of lines whicli may he drawn ln’twetm 
the several magmatic partieles of the attnu tiiig bodies. 

5. rhis view is illustrated by figs. I, 2, ami ,*1, Plate XI. 
when? tlie several attraefions of the. magmjtie particles, viz. I to 
1 , 2 to 1, find 2 to 2 are representml by the nuudrer of lines 
drawn in each instance, I, 2, and 4. 

fi. I hav(? recently understood, that the Hussian jiliiloso- 
phms Jacobi and I.enz, have arrivefl by their exj)eriments, at 
aome of the same eoncluaions with regard to the laws of 
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elccitro-magnctic attrartion. I have not read their papc^rs, 
but shall l)c most happy if lliey shall be found to ( (uirinn th<i 
rc^sults of my observations. 

7. Fig- 4, Avill ji(?rhaj)s illustrate, with a considerable 
degree of aceurafry, the eomph»x ae.tion of the forci's which 
constitute the aggregate attraction w hi(;li exists bc^tw een two 
magiK'ts, for instance, /L and li. 'J’he magni'tic particles 
of which six onjy r/, />, r, rf, c,J\iirr. drawn, may be conceived 
to b^r)f an ind(dinil(dy large iiumb(‘r spread tfiroiiLdiout llui 
region f)r tht‘ “ [xjh.vs ami tln^ several forces are rej)res<mted 
by the stniight lines clrawiibeen tko.-(‘ [larticles. 

S. If this view Ix' correct, it is obvioJis that tlie (-loser the 
approximation of tl»e magnetic ])arti<.le> in cac-b >v-lc'in. tin? 
grealio will be tiu‘ magnetic attraction ; for.in that case th(i 
particle f'/ will •both he nearer tlu' /’, aiirl th(‘ force 

exortejl helwixni them will b«‘ in a less ohlicjue direction. 

!). It was in consecpicnce of iny cjilio-lainnumi of a dider- 
ent hypotlu^sis, that I wa>» h‘d to imagine that 1 had detected 
a decrease of power on increasing the Icmgth of the electro- 
magnet; in Wd. d, l>age and ld7, is a cmnparison of 

the ]>o\vers of tlnaMj (dm-tro-magnets of ilu‘ se\erai si/i's, 

vVaml-ji, of an inch s(|uare, wltli those of two wliose 
seetional areas wtrre rcs])(‘ctively, one inch s<piar(\ and one 
inch by 2 inches, ll is probably in a great measure the 
cotise(|iu*nce <»f the prim*ipl(% (7) that tln^ mean powi'r of tVu? 
latter, was found to be less than tiiat of tin* fortner, in the ratio 
of 701)0 to and this obsmvation is fiirtlnn'^corrobiv 

rated by the fa< t, that, of tlit‘ hmg clectro-niagncts the Icss 
powerful lias the inon* ('Xti udMl -‘ptde/' It woultl, however, 
he a matter of no diUiculj\ to detennim' the inflence of length 
on magmdic condm tign. • 

10. 1 len<«e ;J, sti a correction should be aj»j)lied to the attrac- 
tions of t^ie larger chx tro-magm'ts '* in cnaler fairly to comj^are 
tlnnr nv^jectivc powaus with those of smaller diimmsions. I 
will not venture to diM ide its amount, as that will bc' mitindy 
dependant upon tlu'dislances of the jM)lar particles, (7), from 
the ends of the electro-magnets; if were added to the 
attractions opposed to Nos. b, they would 1 tlTuik, be pliU ed 
in j)retty correet lomparison with Nos. 1. 

1 1. These c-orrections are not liow (*ver of sutlicieiit amount 
to aflbi t the general eonclusioii to wdiieh I have come, with 
regard to tlie laws under which inagnetii* attraction, (as apj)li- 
cable to the pioduclion of motive force,) is de\ eloped by 
electricity, viz.: That Ihv attraction oj' two eheiro-maynets 
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towards each oilur^ is in every case represented hy the formula 
M =: jy- E'\ where J/, denotes the magnetic attraction^ 
J\\ the length of icire^ and Fa the quantity of electricity 
conveyed hy that wire in a given period of time; a 1‘onmi'la 
modfjiid nu'iTly I'V llit‘ efforts, of satiirati'nij of the eon- 
diictiiii? pouer of iron, ami of the illstanoe of the coils from 
the surface of the iron. 

12. 1 have obs(‘r\ecl, that nia^nietie and elect ro-niaunetie 
attract ion deert^ast's, in certain cases, in tin* slnij)le ratio of 
the distaiites. 'This was found to he ])articidarl;’ tlie cast* 
when the tmurnets were lour, atid the distances between th(‘ni 
small. Mr. Harris has observed /he satne effect, see his 

Hxperimental lu([uiries eoncerniiii; the laws t)f Magnetic 
ForccvS.” It inav he j)rlncipally account t*d for by the complex, 
action proNiousIy illustrated. It is *imp(wsii)le to (loui)t that 
the law of ma^uetu: attraction is inversely as the s(|iiares of 

the distancovS. 

13. 1 shall now hi at'cordauce with my promise enter into 
the detail (»f some experiments with tin* i‘l(‘ctr()-mat^metie 
engine described in the “ Aimal.^'* for October, 1S31.); and 
first it will proper to describe the ap])aratus 1 had cjccasion 
to use. 

14. riie galvanometer was constructed on till* planwhidi 
was (loser ibeil in pages, 131 and 132, of thi* presi'iit volumi*. 
The c<»il is rectangular, 12 iucho long and (i inclios broad ; 
the cop]]i‘r wire is of inch thiik, and the length of the 
needle rather less than 4 inches. To make it more exlen- 
sively availalile, I liave draw n a cur\e, whose alisci. -a* are 
the d(?grees of the i ircle, and w ho.-i*ordinates ai'c the (juantity 
numbers corresponding to tho-^e degree.-, in thi- wa\’ I can 
interpolate to an^ extent Vne c|nan!iry di\i.-ion.s previously 
obtained by cxpmmnent. 

15. I recommend this form of tlx* g;d\ aiiometi*!* with grimt 
conTideiice, hei ause, J>t, 4 he method of tangents is only 
applicable when tlie diameter of die coil hivirs a vevy large 
ratio to the leiigtTi of the needle, and 2iid, liccanse yon can 
by passing the electric i nrrent thiongh I, 2, 3», I, iSce, latils, 
incrc‘ase thj* delicacy of the instruini'ut aeconhngly. 

If). I ha\e jiriiicipally made use of Wolla.-ton's 4 inch 
doubly C()|)perctl batteries, with amalgamated zimr plates, 
and charged with a .solution of sulphuric acid, I sliall piahaps 
describe at an earl v opportunity au expeditious and convenient, 
method of fitting up both thi.s battery, and the admirahle 
instrument of Mr. Grove. 

17. Ill the sub.se(jueut exj^eritiumts, die engine wa.s lilted 
lip with the hard iron, and hard wire, revolving eh'i tro- 
magnets. After a few trials witli powerful batteries, finding 
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it iripractieahle to work with the highest intensity arrange- 
ment, I soldered the ends of the three wires of eauh elect ro- 
ntagnet tog<‘ther, and united the conihim d wires In s\u’h a 
maniK'r, that tJio (?li‘(?tric current passed thnjugh 424 yards 
of threefold conducting wire. 

IS. Ill the tables underneath, the ^rst column indicates 
tlio (juanrity of electricity; the second, tin? diHerences of 
those (juantiti^'s ; tlie tliinl, tlie velocity* of the revolving 
elec^'o-inagrn'ts, in feet, ]»(‘r se(*ond: the fourth, thi' duty, in 
])i)uu(ls ra’fra‘d per second of tiring to one foot in height ; and 
the llfth.\lie duty, in poutids raisin! to the height of one foot 
hy r!u‘ agenc\ of one jioimul of zinc. 

10. In <*al(*nlaling tln^ ;nnoiint of duty, 1 fouml tliat in tliis 
aTrangtnnent, 12*4 of (‘!c?ctricity was just siitln'i^nit to keej) 
tile inachin(' hi motion, wlnni the friction, refenwl to the 
revolving ole(‘t.n)-in;ignefs, was (ijual to ID ounces avoinlu- 
poise; the same annmnt of i-lcetricity wa-. whatever ihc^ velo- 
(*ify, always able to ovt*rconie <e;actly tfi(‘ same amount of 
friction ; I tlu'refore felt justiliid in ruakine it a has is on which 
to calculate the fcu'ce due to otlier (juantities of electricity, 
'^riu? duty in tin* ill’ih ('olumu is calculated on the basis of the 
de('oinj)osItinn of watm* idVected hy a given (piautity (»f cdec- 
tricity ; I consider it as an ajipro.rntKiUou to the truth. 1 
may just observe that tlie frictii>n has been altogether neglec- 
ted, and that wlnmex or the motive fort e was not suilicient, 
inerhanitail means \v<‘re resorted to in oi'dvu' U) overtorne it; 
this course was adopted, because tlie friction is n^jt at all 
to he <*4)nsidered as au cUunent in the subsequent obser- 
vations. 

• Tabli: 1. 

« • 

• s() pairs of Wollaston's plates. 


• 

^.\ mean of 

3 trials.) 

• 

IClccTrii'itv. 

dif. Velocitv. 

Dlitv. 

economical 

‘24-() 

0 

;{ 

o 

2 

....0 

.r. 0 

‘il-G .... 

.. ;i s 

219G() 

19*0 .... 

10 

.. G'25 .... 

;i97-40 

180.... 

G .... 

\%y 

.. 7-89 ... 

.54800 

Hr.') .... 

• • O . . . 

Gr)9.50 


1-.') • • 



15 0 .... 

10 .... 

.. 9-1.5 ... 

7G140 

OL. IV. ^ 

lo. 2 1, Aprils IH U). 


I- 1 



r\.. »«i 
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40 pairs of Wollaston’s plates. 
(A mean of 2 trials.) 


Elertricitv. 

dif. 

Velocitv. 

Duty. 

Economical 

11-8 

1-6 

0 

....0 

f 0 

10*2 

•8 


. *85.. 


9*4 



. i n . * • ■ 



•8 




8-6 

•(j 

6 

.1-80 

52:120 

8*0 


8 

05000 


Tahlk 3. 

10 pairs of WollavSton’s plates. 
0 0 0 


1' 

2 

....■14 



<! 

....•21 


3*; 

c 

....•2o.'i ; 

80300 


8 

-292 

07300 


Tahlk 4. 

Grove’s battery of 10, 4 inch, plates. 


m 


!rv (’fTiciently fhargcd.l 

..'...0 '..0 

0 

14.;: 

O .J 

2 

. Ifi-f) 

110080 


1-9 

4 

.. 2-5 

20 1000 

ll'C 

1.4 

c> 

... 2-05 

208200 

1 A.Q 


ft 

• 
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20. I now united the conductors in such a manner, that the 
fluid was dividt'd between eacii pair of stationary, dnd revolv- 
ing, electro magnets ; in tliis case, the electricity passed 
through 212 yards of six-fold wire. 

Tahle 5. 

A quantity arrangement of two 40 pairs of 
Wollaston’s plates. 


Sicctricity. 

dif. Veloc.itv. Duty. Economical duty 

52* 

0 0 

0 


!l . • 


43 

.7. 2 

...21800 

3d 

4 .’)-87 . 

...38G00 

• 

3-2 


.31-8 .... 

6 7-;}b 

...53100 


4 

8 8 42 

2-4 

...65400 

i>:ks 

10 y-u2 

Table G. 

...75700 

A (jiiaiitity arraiiircmciit of two 20 
Wollaston’s plates. 

pairs of 

OS-2. 

.0 U, 

0 

23-2. 

.2 1-1 

.. 23700 

20-7 

1-7 . 

• (1 2-20.3 

...42000 

10-U 

.. .58000 

• 

1-1 




S 2'52 

...71600 . 


'I'ahle 7. 


A t[viantity arrangeinent of two it) 
W'^olliistou’.'S plates. 

pairs of 

l(;-8 

0 0 

•> 

:...0 

13*8 

«> 

2 -387 

l-ti 

... 28000 

12-2 

4 -605 

1-2 

... 49600 

ll.O 

......G ^ -738 

1-0 

... 67100 

10-0 

8 -813 

... 81300 
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21 . I'ho above exan)ples will show pretty clearly tlie elltM'ts 
of magnet ie electrical resistance. 'I'his resistance is the 
prime obstacle to the perfection of the electro-magnetic 
engine, and in projmrtion as it is overcome, in the same pro- 
portion will the motive force increase ; this ought therefore to 
claim onr first attention. 

22. On comparing the di(fWe7ices with the vidocifUs and 
decincilies in each table, the general conclusion is, lliat ike 
inagiidic ehctraal infinsilg is dirvvthi proportional to the 
velocity^ mnltiplird hij iltc mayndism^ or, which ir^'the same 
thing, by the electricity which induces that magnetism. It is 
the latter ])art of tliis law, which nwikes the diJjVrences de- 
crease generally, (and as accurately as the nature of themani- 
pulatioilS can kaul one to expect,', In the sanu‘ ratio with the 
electricities opposed to tiiein. It is nei'essarv tt/ ohsiM'Ve that 
Xho first (I ij/htnee^ or that which (^xists hetcen 0, ami 2, 
Vi'lucilivs^ n!M 3 t bo neglecte<l, as that is much aiigimmtecl by 
the slightest iiiaccnracy of the coinmiitator. 

23. It a))pears moreover, that this law is vufireh) iniaj/teled 

hy the diminution or increase of battery intensity \ for on 
comj)aring tin* tables of (htlier systeni together, it will be s(hmi 
that in all cases the differences art* about (n 2 e-t(*iuh of tlu* 
dectririties to tlicm. I wish to call j)arlicular att(*ntiou 

to this cireiimstaiice, which is ow ing to the coiislaut resistance 
of the wires, in <'a(;l. separate syst(*m. 

24. In the second arrangement the conducting metal w as 

half as long and twice as sohstantial as it was in tin* first ; 
hence it is, that half the l>atterv inlcns:i>y sniliced to pass 
i'vice the (juantity of electricity, and so to produce tin* same 
motive ellect. This is seen on ('Oinparing- table 1, with 
table 5. • 

23. A1/0, on referring to tables 1 and 3, it will be o!)servcd, 
that the ; / ;/ccy an* twice a-< great in the 2nd arrangc*- 
inent*asin thv l.'l, wliil.-t the magnetic fona? remained N<*ry 
nearlv the sanu*. 'To undt'rsland the reason id' this, it will he 
necessary to observe, Isl ; that the magnetic I rieal inten- 
sity has nothing whatever to do with tin* tliickiicss of the 
wire upon wjiich it is in<!uc(*d, hut exists simply in the dinct 
ratio of the lengthy conse(iiiently that the intensity is only one 
half as great in t!u* 2nd arrangement, as it is in the 1st; 
And 2nd, that, as the resistance of the wire to the battery 
current, in the 2nd arrangeiru*nt, is only one (inarter of 
that in the 1st, the same a<lditional, or extraneous, iM>istam*e 
will produce four timf‘s the clh?ct in tlu» foniu'r, as in tlie lat- 
ter instance. IIenc<! by coinponnding these two elleids, we 
have the differences of electricity, due to a given increment of 
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velocity, and the same amount of magnetism, twk-e as groat 
in tl»e ‘2nd, as in the 1st arrangement. , 

2<>. If the intensity of the voltaic battery do not increase 
in a le.ss ratio than that of tlie omnl)er of its pairs, thei*e will 
theoia'tically, bef no variation in economy. w hat<'ver the ar- 
rangement of tlie w'hole conducting in^ital, or whatever tlie 
size of the battery. I' or, if the l)attery be doubled in inten- 
sity, it must ij^ that case consist of twice the num])er of pairs, 
whWi will cause twice the <{uantity of I'h'ctricity to pass, and 
hence fouT times the weiglit of battery niateriahs will be con- 
sumed, whih^ the for< e oli the o*Jgine is also increased four 
times, according to the stpiaie of the elea-lricity. >Sci! tlie 
cconotnical <luty in the tables 1, 2, r>, and (5. 

27. "rhe following art* three vcsourc<'s ou which to rely, in 
order to obtatn econonrual power; 1 s), the increase of the 
<|uanpfy of (annlncfing' wire, which will produce a /‘///’n/Zt/c 
degree of adxantage, for while it ditnishcs the resisra.nce of 
the w ire, it produce's no cll'cct upon the* magnetic electrical 
resistance; 2i;d, the angnientation of the intensity of the 
eh'inentarv hatterv, whie!) will [n-odm-e an exactly .-imilar 
i»icrease of duly : (compare table 3 with table 4.) 3i’d, the 
iinproveinent of the arrangemt'iit of the eh'ctro-snagncts. 
Had I jilaced mine iii such a jnisition that tlie broad edges of 
lluf p<;les shoidd have acted on eacli other, 1 should doubtless 
have attained a considerable higher amount of duty. 

2S. I imivt apologi/i- to the reader, that 1 have not relieved 
llu* ‘edionsnes> of this pajier, by a single hrilliant illustration. 
1 bale neither jinipelU'd ncssi'Is, caniagi’s, inu" printing 
]>resses. My oliject has been, first to discover eorrect princi- 
ples, and then to sugge^st their practical deM'lopeic.eiit. If I 
liavc succeeded in ^ome nicastire in tlii? liist part of that 
ohjc<-t, niv«tlc ign lias been fully realized. 

liroom Jlilf, itiffr Maitr/if.strr, , 

4iareh Ihth, 1840, 

LXX. fl'ouibr/'itl cj/'icf.'i oj' l oUftic KItctrUiiy in rrsfor- 
iiif/ Aitiiin/l liji' irhni the .si Hsotialjxitrrrs have entirely 
ceased or in other words, when death in the e<minon a< etp- 
tation of the term has actually occurred. I'.xtracted from 
Mr. W.' II. ll.\t.si;'s mhlress to tlie Xewtou Society hir 
the attaiumeiit and difl'u&ion of Kiiowletlge dated March 
3, 1840. 

After describing tlic bcflefts obtained by a study of tlie 
sciences generally, he thus proceeds to show the powers ot 
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galvanism on tlie animal body. 

** On 'Wuirsday last one of my spaniels whelpjd, having a 
litter of thirteen; six of which I took for my experiments. 
I drowned three of them in wld water and kept them im- 
mersed for fifteen minutes, at which time I took them from 
the bucket and placed* them in front of a good lire ; — no 
motion could he perceived in either of them. I tlien put the 
front legs of one of them in a jar containing a vvarm solution 
of salt and water and its hind legs in a similar jar, in eaci/ of 
which was inserted one pole of the galvanic liaftery ; the 
M hole was then placed near the fire. 

“ The position of the dog being ifow favourable for opera- 
ting on, without the necessity of making any incisions in tlio 
flesh, I passed a very strong shock through its body ; it 
moved its hind logs ; I gave it another shock, which caused 
its rail also to move ; I now passeil twenty shocks in quick 
succession th gh its body: it movt^d every its month 

opened and x inclined to bilieve that (he day had actually 
come to life ; but the moment I coaseil passing the shocks, 
the dog was as motionhiss as it was* previous to niy coin- 
mencemeut. Again I continued the shocks and I notic ed 
that there was more motion in the limbs: — consi<lering that 
in proportion to the return of sen^ihility, that these shocks 
would be too powerful for it, I decreased the intensity of 
them and passed inaiiv hundreds in rajiid succession ; 1 cou- 
timied this for about five minutes- ~^the motion liie limbs 
increa.sing<is the shocks increased in number —I now ei'a^ed ; 
the dog still moved. — It was UKsa'oitEo Tcl life — I phu ed it 
on a warm flannel in front of the fire and in a very short time 
it appeared as well as it was jireviously to its being drowmal; 
it crawled on the flfwiiiel and made the noise })eeuliar to young 
dogs, I now^ examined the two otlier dogs w»!iich were 
drowned and taken from the water at the same time? t^hat this 
one was. — T hey vveiie hoth jdain pmof that it a:<is 

entirely owing to the galvanic fluid that life was restored. 

other thr(?e (logs I drow ned in trann water and hept 
them immersed for forty minutes^ at whicrli time all motion 
had ceased ; Xwo of them I laid in front of the fire and the 
remaining one I placed hi the jars as in the preceding experi- 
ment. 1 now passed a few shocks of w oak intensity through 
the body, but no motion was perceptible ; I therefore 
increased the intensity of them considerably and gave the 
shocks in quick succeswsion — Every limb movcd^lhe belly pro- 
truded and again collapsed^ and the hvad was raised — at this 
period I stopped passing the sfiocks in order to see if there 
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were any mt)tion in the dog when not under the galvanic inflo- 
ence ; — there was none ; I again proceed with tlie sl],ocks and 
having noticed that the limbs moved more rapidly than before, 

1 considered it, necessary to decrease the intensity and in- 
crease the quanfUy of electric fluid, which I did so much as 
just to be enabled to perceive a slight tremor in the dog ; I 
continued in this manner for about live minutes at which time 

1 removed it from the jars and placed it on die table It was 

AMXjjj — In a tjhartcr of an hour it appeared to be perfectly 
recovered,* Tlie other two dogs (which were not allowed to 
get cold during the whole of the, experiment) were now ex- 
amined; no motion tohate^er could be perceived. 1 tried the 
the effect of galvanism on one of these ; 1 was successful. In 
one hour after this 1 operat'd on the othej dog also ; but 
'I was in min~^lhcre teas no vigour remaining in the vital 
])owers ; — life had Jled. 

“ Itemarks Having stated that I restore,'* the dogs to 
life, it will b(^ necc'ssary for me to ex])lain1n \vh ight this is 
to be Jinderslood. Strictly speaking, life was not extinct in 
<‘ithcr of tin; dogs prevituisly to my operating, for if it had 
they wotUd certainly have remained dead ; it iras merely a 
cessation of the Hcnsoriul fvuctionSy whilst there was a degree 
of tdgonr still remaining in the vital organs which combined 
wilh the Hcrt'ons injlucnce ( or asuhslilute for it if you please ) 
I supplied by the powers of galvanism ; were sufficient to re- 
store these fnnclions to thiir former state of activity; 
nevertheless, the dogs were in the common acceptatyvn of the 
term — dead ; hut luit jn operly so, for death cannot be con- 
sidered to have actually arrived mitil the sensorial, the mus- 
cular and the nervous functions all cease to act — at that 
moment the animal di(*s*and not before. ,We therefore see 
that although the dflgs were not strictly speaking — dead, 
\)revioua to iny operations, yet by the fact of the others being 
•lead wh^tt the sensorial of those three were restored, it n^ust 
1)0 OTityrnt that the proces.s of dying had commenced, and 
would have been pi rfveted had not the pou\rs of gahuviism 
been resorted fo therefore when 1 say the dog was 
restored to life, I must n(*t he considered to inoau that I 
brought the dead to life but rather that I arrested the pro- 
cess of dying, by restoring the sensorial functions — which 
functions liad before entirely ceased to. act. 

“ The nature of the above experiments must be very fami- 
liar to every physiologist, but when we consider the astonish- 
ing powers of galvanistn on the huniau frame, in supplying 
the nervous fluid (or a suhstitufb for it ) and the ignorance ot 
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this fact by a large proportion of the medical profession, 
pcrliaps I shall be excused for introducing this subject to your 
notice ; and as the apparatus necessary for the purpose?, when 
coiistnu'tod on my principle is quite uuexpen&ivc (one guinea, 
see No. 23 of Sturgeon’s Annals of Electricity, Magnetism, 
and riieuiistry,) I there will not be found many medi- 
cal pravtitionvrs who will object to add the powers of valla- 
im to their other modes of resuscitation fromjihe first staije 
of (b oth ruused by drowning^ or from that CQUscd by 
(ion through noiious gases. 

I have refrained from introduemg many technical terms, 
as I wish my subject to be generally understood. It will bo 
perceived, that in passing the shocks through tlu? hodii's of the 
dogs, no cruelty waj^ practiscil, for when thi* powerful shocks 
were passed, they posessed no feeling whatever, and in pro- 
portion as the sensorial jiowcrs and ccmseipiently the b-diug 
returned, the intensity of the shocks were rt'diiccil ; and when 
it is also considered that the dogs would have been drowned 
had these experiments not been made, I trust I shall n(»t he 
accused of having had recourse to cruel imuliods, for tin' 
purpose of putting the powers of the volraie electricity on tlie 
animal body, to the test of experiment/’ 

WILLIAM IL IIALSE. 

Brady near Ashburton. 


LX XL 'On Lightning Conductors^ wond the ijji cls of 
Lightning on Her Majest}js Ship llodney and certain 
other Ships of the British Saiy ; being a further exami- 
natuin of Mr. Sturgeon’s Memoir on Marine Lightning 
Conductors. Ihj \V, Snow l\\\\\i\% Esq. 


To the Editors of the Philosophical Magazine ^ J^jurnal. 

s 

Gentlemen, 

1. In niy former communication (L. and!/. Phil. Maj^. 
vol. xiv. p. 4(11.) 1 considered the nature of a ■well-known 
phenomenon in electricity, termed by (’avallo, Priestley, and 
others the lateral explosion, and shewed that it did not apply 
to the state of a metallic rod in the act of transmitting a va- 
nishing electrical accumulation between two opposed electrified 
surfaces, as insisted on by Mr. Sturgeon in a recent number 
of, his Annals of Electricity. I will now proceed to examine 
the general character and efifect of ordinary electrical dis- 
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char ges, whether produced on the great scale of nature, or 
artificially, with a view of further showing, that such lateral 
explosions do not occur at the instant of the passing of a> 
shock of lightning through a metallic conductor, as also with 
a view of meeting certain other objections which have been ad- 
vanced at different times to the use* of lightning rods in 
ships. 

2. ^1 should'iiot have felt myself called upon to notice fur- 
ther TWr. iftiirgeon’s memoir, did I not consider the statements 
it C01llai»j, although superficial aiyl inconclusive, likely to mis- 
lead the public upon man important points, connected with 
the effectual protection of shipping, against the destructive 
effects of lightning, and convey false views ^of the nature of 
electrical aetipn. Under these impressions I have little 
hesitation in noticing what he has advanced uniler the fol- 
lowing heads : — 

1st. Kxaniinalion of the observed effects produced on 
shipping by lightning. 

‘2nd. A comparison of the observed effects of lightning 
and the probable effects which lightning would pro- 
duce by the application of Mr. Harris’s conductors to 
siup|)ing. 

3. The first contains an excellent, and I have no doubt, an 
accurate statouicnt, by an intelligent olliccr of the Rodney, of 
the destructivo effects of liglitniug lately experienced in that 
ship, together with notice.^ of two cases in which ships fitted 
with niy conductors were struck by lightning witliout any 
attendant ill consequence. In the second, it is the author’s 
object to prove, from the effects of lightning in the Rodney, 
that my system is inadiirfssihlc ; since the discharge of light- 
ning, he observes, wlffch struck the Rodney, “ w ould have 
been powftful enough to have rendered even tlu' thickest 
part of Mr. Harris’s conductors sulHciently hot to ignite gun- 
powder 

Considering the boldnc.ss of this assertion, and the high 
pretension of the memoir, wo should expect, on examining 
the author's researches, to find him in possession of a copious 
induction of facts from well-;uitlicnticate<l cases of damage by 
lightning on ship-board, illustrating clearly the views Im so 
strenuously insists on,— cases in whicji continuous or other 
metallic conductors have been from any cause placed along 
the masts or rigging, and in which the electric agency found 
its way through the hull to the sea. We should further expect 
from liim, something like an vxanination of the general nature 
and effects of electrical discharges, since it is clear before 
any accurate estimate can be arrived at, of the relative quan- 
Vol. IV.— No. 24, April, 1840. M m 
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tity of electricity likely to be discharged from a thunder- 
cloud, and the probable effects of metallic rods, or other con- 
ductors set up with a view of directing it in any given course, 
such information is quite indispensable. 

4. Now it is to be particularly observed’, that Mr. Stur- 
geon’s memoir is really deficient in siu*h information ; a few 
clumsy experimeuts in illustration of a well-known fact in elec- 
tricity, deceptively associated, by means of a vagUe hypothesis, 
with some of the ordinary effects of lightning, on aship' wo^ 
having any regular conductor, and with some every-day phe- 
nomena of the e\ei;trical kife, is virtually the amount c»f all 
that the author has advanced, unticr the imposing title of 
“ Theoretical and Kxperimental Uesearcdics. 

5. Ill illastrati<ni of tho oaroloss way in which he meets 

this question, it may not be out of place to iiotice tlie fol- 
lowing specimen of his inductive pliilosophy,— being the 
very outset of the comparison he has jiroposcd, of the ob- 
served effects of lightning, and the probable (dfects on my 
conductors'^. 

In the account given of the damage recently sustained by 
H.M. Ship Uodnev, it api>cars, that the shock of lightning 
which shivered the top-gallant-rnast, damaged tho top-mast, 
&c., &c., fell on a small brass sheave in the tru(‘k for signal 
halliards, and slighthf fused it. This sheave weighed aliout 
four ounces; it was only .about an inch and a half diameter, 
hollowed except at thi^ centre ami rim, wh('r<‘ it was soine- 
w'here about half an inch in thickness. I'lie lightning also 
fell on tlu‘ c'opper funnel for top-gallant uiggitig, being a hol- 
low cylimhir of sixteen iiudies in length, 10 inches in diame- 
ter, and not quite a quarter of an inc h thick. 'rhis funnel 
w'as not any where*^ fused. It fell also fui- ^ther metallic masses, 
such as the iron-bound tie-block, on the t op-sail -yar#^ &.c.,&c-, 
the iron hoops of the masts, ike., on whicli no calorific effei t 
was apparent. 

6. Now we ha> c here something like evidence what was 
really the actual power of the charge. We see, for example, 
that it did not fuse a copper funnel, l(> inches long, 10 inches 
in diameter, and about Uh of an inch thick. In the face of 
which fact Mr. Sturgeon insists, that bad the charge fallen oti 
my conductor, the thickest part of it would have become red- 
hot. His reasonings in fact, amounts to this ; an explosion 
of lightning having slightly fused a small brass sheave, weigh- 


Stiirgeoii*s Memoir, acc. 201. 
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ing 4 ounces* and having failed to fuse a short copper funnel* 
therefore had it fallen on a rod of copper of one inch in dia- 
meter, and 200 feet long*, that rod would have been rendered 
rerf-hot * 

This, it must 6o allowed, is a somewhat amusing kind of 
special pleading, quite unprecedented, k believe, in any paper 
on science. 

7. Tlie author wishes to strengthen his deduction, such as 
it is,'4jy adverting in a foot-note to the case of a small brig 
struck by'lig htning, in which some part of a chain conductor 
is supposed to have been fused ; how much is not known, “as 
the lower part fc.ll overbohrd.” The statement is given with- 
out any quoted authority, and is altogether deficient in the 
very infonnatioii most retiuired, viz. the size the chain^and 

how muck of ft iros fused. Let us, however, take it upon 
the uutlior’.s own ground, and suppose the conductor to have 
been such as is cotnmonly used in tin* merchant service, — that 
is to say, links of iron wire about one-fourth of an inch in 
diameter, unitt'd by rings, u kind (»f conductor very easily ilis- 
jointed aiut fused at the jmints of junction by lightning; — the 
reasoning then stands thus: because a shock of lightning 
fused and disjointed <ome unknown {)ortit)n of a lightning 
chain in a niorchant brig, therefore the same shock, had it 
fallen on a solid copper rod of <me inch in diameter and 100 
feet long, would have ren«lere<l that rod / cd-hot. 

S. The fallacy and entire worthlessness of such reasoning, 
seems not altogether to have escaped Mr. Sturgeon’s notice, 
as appears by his amplification of the abo\a? effects: thus on 
entering upon the comparison of the eU’ects of lightning, he 
resorts to a sort of wholcsah* tlealing. and leads the reader to 
conclmle that the cut iff sheave in the Uwtlney and all the 
brigs’ coiuiitctoi underwent fusion. But even if it were so, 
no such •conclusion as that above mentioned is admissible t, 
Vspm'i-dly in leference to a continuous and massive conductor 


• This is the equivalent of my comluctor on the maiii'inast of such a ship 
as the Huilney, taking it at its least value. 

f Were tIuTe no other data than those of the/i/vn>« of thr metallic sheave 
in the llodncy and the fusion of the cAatti conductor in the bri^ Jaiie,'\SiLc-&c. 

“The impressions which these facts convey to tlie mind are Um» definite to 
be easily understood ; they clearly imply that cither of the iliscliar^t's which 
struck the Uodney or Jane wolild hi\^’o remlcred the thickest part of .Mr. 
Harris’s conductors .siitUcicntly IkTi to ignite gunpotvder/’ &.c. Ac.— s^tur- 
geon's Memoir, sec. 201. 
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terminating in a point, and equalizing with inconceivable ra- 
pidity the disturbed electrical state of the sea and clouds. 

9. The manifest deficiency of sound practical information 
in Mr. Sturgeon’s memoir, imposes upon me the necessity of 
adverting to the general character and operation of common 
electrical discharges, whether produced by artificial means or 
on the great scale of nature. lu doing this I have no desire to 
excuse myself, in' case I should not have written clearly and 
explicitly on the subject, since in no department of physics is 
the field of observation so fertile, and the path of experiment 
so sure and easy. We have before us the experience 'hf nearly 
;i century, during which time ligliVning-rocls have been em- 
ployed; a great number of instances have occurred of shocks 
of lightning falling on ships umler a variety of diflFerent cir- 
cumstances, in some cases where lightning conductors have 
been present, in others where absent ; in irumy instances where 
ships have been near each other and exjiosed to the’ same 
storm, some Aai:/«f/condnctor.s, others not. 'I'lie general laws 
of the discharge are traceable in them all, and the effects on 
metallic bodies distiiictly shown. On the other hand, we can 
on a minor scale, imitate successfully the great operations of 
nature, and examine experimentally every possible contin- 
gency attendant on the operation of a shock of lightning in a 
ship. It is our own fatdt, therefore, if w'o do not treat the 
subject scientifically, and arrive at complete practical solu- 
tions of such questions as these : Is a lightning conductor 
desirable in a sliip? Will it cause by attrairtion a shock of 
lightning to fall on a ship when otherwise such wouhl not take 
place? If so, can it cause damage by its inability to get rhl 
of the lightning which falls on it? What is the hist form 
and dimensions of a lightning conductor for a ship ? ^Vhat 
is the greatest probable force of liglilning to v^luch it may 
become exposed ? Is it liable to cause damage by any 
latdral operation of the charge j)assing through it ? ‘ 1 say. If 
such questions as these cannot now he reasonably detcTinined 
they probably never can ; and, therefore, any one who writes 
or reasons obscurely about them, and without due regard to 
a good induction of facts, can have no claim to be considered 
as a sound rcasoner in experimental science ; for, as beauti- 
fully observed by Lord llacon “ Man, who is the servant of 
nature, can act and understand no further titan he ha.s, cither 
in operation or in contemplation, observed of the method and 
order of nature.” Under these impressions I proceed to 
examine the general character and elfects of cletdrical dis- 
charges as exhibited artificfeilly^ and on the great scale of 
nature. 
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10. Although some theoretical differences may have arisen 
concerning the precise nature of electricity, yet the following 
explanation runs sufficiently parallel with tacts to entitle it to 
our confidence,* and put us in possession of one of the great 
advantages of every theory, vix. a classification and con> 
nexion of observed effects ; the proVincc^of human knowledge, 
being, as justly observed by a most intellectual and accom- 
plished writer, “ to observe facts, and ‘trace what their 
rclati<uis are.”* 

(Jenera^ principles : — 

11. 'nierc is an invisibly ag<mcw in the material world inti- 
mately associated with common matter, termed electricity. 

12. Lightning, thunder, and a variety of analogous pheno- 
mena of a minor kind, artificially produced, .result from dis- 
charges of this agency between bodies differently affected 
by it. 

l.'J.* In every case of electrical discharge there are two 
surfaces of action ; one existing on some* substance eager to 
throw off redundant electricity, being, according to Dr. 
Franklin, overcharged with it; the other existing in some 
other 8ub.<?tanre eager to receive electricity, being, according 
to the same philosopher, deficient of it, or undercharged. 

14. Two opposed bodies, when placed in these opposite 
electrical .states, have a sort of exclusive action on each other, 
either dirtctly through any intervening substance, whether a 
conductor of the electrical principle or not, or otherwise indi- 
recthj through any lateral circuit. * 

Thus two metallic snrface.s A H (fig. 1, plate X.) pasted on 
the o])posite sides of u square t)f glass c d, have, when the 
S(jiiare is said to ho c-harged, an exclusive action on each other, 
either through the intervening glas.s, or othyrwise through any 
conductor, < H, connecting them. 

Now' we have only to suppose these planes placed further 
apart, as*in fig. 2, to have a di.scharging conductor, m n\ of 
greater’ or less extent betw'eeu them, to be greatly increased 
in size, to be .separated by air instead of glitss, ami to consist 
of free vapour or water, and we have a pretty faithful repre- 
sentation of the conditions, under which a discharge of light- 
ning takes place, when passing partly through the air, and 
partly through a discharging comlnctor, ni n, or any other 
body, c df placed on the plane B.f 


• Abercrombie on tlio Tntellectual Powers. 

+ The thicknesK of the intervriung air, ami the amount of free elrctrieily 
ill tlu' cloiida, has led Professor Henry In question in sonic incnsurt*. the 
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15. Any continuous metallic rod or other body, m n, (fig. 
2,) connected with the lower plane, must be considered 
merely as a passive way of access for the charge so far as it 
goes; the electrical agency being observed to seize upon 
substances best adapted ^d in a position to facilitate its pro* 
gress, or otherwise to fall with destructive effect upon such as 
resist it. 

1C. It is easy to perceive here, that the presOnce of a con- 
ducting rod, m n (fig. 2,) or other conducting ^ody; has 
nothing whatever to do with the great natural action set up 
between the planes A 15.' It is ’in fact to be considered 

merely as a point in one of them. The original accumulation 
of cltictrieity and subsequent discharge, would necessarily go 
on whether such' a rod were present or not, as is completely 
shown by experience. When present, its operation is confined 
to the transmission, so far as it extends, of that jiortion of the 
charge which happens to fall upon it ; and sinet* it is (piite 
impossible to avoid the presence of conducting bodies in the 
construction of ships, it is the more important to understand 
clearly in what way damage by liglitning occurs to the general 
mass, and how it may be best avoided. 

17. When discharges of lightning fall upon a ship in tlie 
way above stated, as being a InUerogeneous mass fortuitously 
placed between the charged surfaces \ If (fig. :t.), the course 
of the discharge is always determined through a certain line 
or lines, which ujion the whole least resist its progress. 'J'he 
interposed air between the ship and the clouds first gdves way 
in some particular jroint, probably the weakest, — suftpos*^ at 


perfect :iri;ilof(y of u (»f litfhliiinjc, wilk tlial of a t.culen j;ir ; hut 

1 think u]inn wnture eoiisiileratioii this ( irriiiiistuni e wili notru; found in any 
way subversive of rlie general prjnci|ilu. 'flius wIr iImt (•h etrl»'itY ht? aa u- 
mulhted on thick gla.ss or on thin, the result is the same ; it it4 merely the 
intensity a.s indicated by the electrometer which changes. 

Now the term free eleetrieitv, ajijdie.s to lh<? greater or lesser inmience of 
the opposed coating fn respect of other bodies. In the ea.se of the opposed 
surfaces of the clouds and cartli, all the e.hiirge is necessarily free electricity, 
since there exists no other point upon which it can lend to discharge. In 
the same way the eleetrieitv of the jar, when the coatings are very iwar, is 
nearly all redundant, or Iroc elect ririty, in respect of the action hetw'ccii 
them, altJiough latent in re.speet of other bodies, lienee with a moderate 
accumulation, the electrometer exhibits but a small intensity, if any. The 
only dilferenec at the lime of the discharge, is in the position of the dis- 
charging circuit, which in the case of the eloud.s and sea, is ilireetly in the 
interval of separation ; and as we fin<l the principal of induction always 
active in eases of lightning, the thicknes.s of the strafum has evidently no 
influence on the conditions of the uceuinulatmn, especially when tve consulcr 
the great extent of the oppo.sed .siAfaets, whieli may possibly be 20,00(» or 
murr square acres. Dr. Faraday has shewn that no distance excludes the 
the inductive action. 
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A, fig. 3 ; — the electrical agency then meeting with continued 
resistance from the non-conducting particles of air; is often 
turned into a tortuous course. Suppose it arrives in this way 
at some point, in the vicinity of a ship at k, the question 
whether it would strike upon the mas^at y would be determined 
by the resistance in the direction of n y k, as compared 
with that in any other direction m, 11; jrhether, in fact, 
it would be c’sier to break down the remaining air in the 
dirccWNi B, or otherwise the air in the direction m y, 
supposing the ship’s mast to facilitate tfee progress in that 
direction. * * 

18. ].et the charge howCver strike in the direction »/ y, and 
so fall upon the mast,— thmi in jirocecding to its ultimate 
destination, viz. the ])lane of the sea B, it*s conr.se is still 
determined by'thc .same general [irineiples : that is to say, it 
scizcs.iqion all tlio.-e bodies which tend to assist its progress, 
and which at the same time happen to 1«> placed in certain 
relative positions, «/u/ ////o/f no others^ falling with destructive 
cflcct upon intervening had conductors, and exhibiting in non- 
condneting intervals all the ellccts of a pow'erful exjtansivc 
force. If we examine candidly the course of discharges of 
lightning on shi[)8 in some hundred instances in which damage 
has ensued, we shall timl this ell'eet invariable. The damage 
has always occurred where good conductors cease to be con- 
tinued, ami the destrutdive consetpienccs most apparent are 
those usually produced In expansion. 'I’liccaloriticctleets, ex- 
cept as (lepemling on this e.nise, are really inconsiderable ; there 
are comparatively few in>t;inees in which metallic lioilics have 
Iteeu fused, iind no instance in whicli a lioU or chain of any 
consiilerahle magnitude Ivis been even much heated. 

’J’he follow ing experijnental and natural illustrations of these 
facts will be*tbund conclusive and interesting. 

Kxp. ^ I.ay some small detacheil pieces of Icaf-gohl ii, h, 
d ^ka . on a piece of paper, as rcpre.seiitcd in tig. 4 : pass a 
dense shock of electricity tner these, from thj,' commencement 
at A to the tonninutiou at B, sttas to destroy the gold: the 
line which the di.M harge has taken will he thus shown by the 
blackened parts; the result will be as in fig. 5, iir which we 

[ icrceive the course of the discharge has been in the dotted 
ine a, 6, ti, e, f, g, /», I, being the least resisting line ; and it 
is particularly worthy of remark, that not only are the pieces 
<•, k, untouched, being from their positions of no use in faeili- 
tating the progress of the charge, hut even portions of other 
pieces, which have so ojlcrated, are left perfect, as in the 
transverse piece i and portions of a, b, d, e, and/; so little is 
there any tendency to a lateral discharge, even up to the 
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E oint of dispersion of the metallic circuit in which the charge 
as proceeded ; indeed, so completely is the effect confined to 
the line of least resistance, that percussion .powder may be 
placed with impunity in the interval betwcen»the portions c, d. 
Now the sci)arate pieceil'of leaf-gold thus placed, may be 
taken to represent aetacned conducting masses fortuitously 
placed along the mast and hull of a ship. 

Exp. 2. JjCt a thin continuous line, »i, n, be passed 
tlirongli the separated pieces, and a dense accuiu’ilation dis- 
cluirgod over the whole, as in the preceoding ca.'JO. "lie eflect 
will be as rc])iesented in fig. (5. ; the,«UschiU’ge will be confiniMl 
to the line of least rosistjuice ; anti we may pi*vceiv(i in this, a.s 
in the former ciise, that tliose pie<H“s, or parts of pieces, out 
of the track of tlie. discharge, an' not affected ; thus a ])art 
only of the ))iece g is destroyed, also of the ]»ita‘c t, whilst 
other pieces, b, d, c, f, I, which in the fonner case, when* the 
continuous line, o,'6, was not })resent, were hlackeiicd hy tlie 
discharge, remain here })erf(!( t. 

Exj). 3. If the cotuinuoiis line A, IJ (figs. 7, ft) he assisted 
by otlier comparatively short collateral branches, as d c, d c, 
having otu* common connexion at B, llu'ii a discharge which 
would destroy the line .\, 15, will divide upon these auxiliary 
lines, and the part d, 11 will either esca))e, or the whole will 
suffer together. 

Exp. 4. J’ass a discharge! over a strip of gold-leaf, as 
fig. 2 ; cycry i)art of it, as indicate-d hy the' last cxpcriiiu nt, 
will piirticijeatc ia the! shejck ; and if it he of einifejriu eh-nsity 
cUid thickness it will he everywhe-re e-eiually alleu teel, so that 
one portion will not he' de'stretyed without the? wheele'. 'I’his 
result will be re'adily elistiuguislie-d freein that re’pre.'si jite'el at d 
and i, fig. 5, wiicre! the* masses lie; iffros-s the: track of the 
disclimge. 

The: diagi'anis Imre: refened tej, are ce)pie'd from *1110 actual 
effects e)f the: electrical di.scharge' in the way above' lue'fld-.meel. 

19. Tliejse. experiments arc instnu tive*. They i:vide*ntly 
prove, that an eloctriceil explejsion will not leave: a good con- 
diictejr, cemstifuting an t:flie*ie*nt line: eef ae-tieiii, to fall upon 
bodies out eif that line'. .Mr. Sturgeon’s asse;rtif)n that ii ce>n- 
diictor on a ship's mast wemhl operate em the magazine is 
therc:fe)re fjuite* umvananted. Hejsides, we have many instances 
of the masts having l)ee;i) shjvere'd by lightning iiite) the st»:p, 
whilst acting as partial conductors, withouj; futy such conse- 
quence; as happened in the Mignonne: in the West Indies, 
the Thetis at Rio, the Londem, f*ibralt*:r, Goliath, and many 
other.s. Instead, therefeere, of a conductor on the mast being 
flangcrous, it is absolutely requisite as a source of safety to the 
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sliip, l>y confining tlie discharge to a given line and leading 
it to tlu!! sea. 

20. It was iVoni a carfdiil consideration of the coniTnoii 
cilects of liglithing, and from sucli (!Xp<‘riinentid facts as those 
above meniioned, tljai I was h.‘d iu suggest the propriety of 
fitting coutinuotis conductors of li;^tnifjg of great ciijiacity in 
till* masts of shijis, linking llji^m by ellicieut connnunications, 
togeilier witlT tin* principal dclaclii'd metallic bodies in the 
hulh'^io^ouc general coiniiiuons system, and finally connecl* 
ing tluyvljole with the sea. 'fheMj conductors consist oi Uvo 
lamina- of co])|M‘r-sh( ct^ \«iir\ ingTroni one incli and a linlf to 
fivt*. inches \\i(le, e.nd lahng tog^aher neaji\Mme-fonrlh of an 
inch tliick ; they Jin* inlaid so as ti» he lair with tli(‘ surface of 
llie mast, and il>»;m a sen<*s of slmi-joints; ftie^ are otherwise 
so conslnicte'd as to )»re.seni an iminierniptt d line ol' action 
iVom.the higlicst ])oint to the sea. The method ha> heiai ])ar- 
tially u.sed in the Ih iti^h navy for set era l*y ears, ami lias hi*en 
pvo\ed in I’very wav eilii ieiu. In no ea^e lias any of the ves- 
sels lilted with them rerei\ed the siighiest damagt*, allliongli 
freijneiitly exjiosed to sevt-re lhmuli*rNtorms, and in some 
instauees aetnally striiek l.s lieavv diseliarges similar to that 
wliieli fell on till' llo(ln'*\ in Deeeiuher, 

21. If we consider alteiiti\el\ ilie el[eet.s of lliis slmek, wi' 
shall find tliem in complete ae<-ordanee with tlte jiri’iici’plesjust 
slated. The aitendanl ]di(nomena wi'n- of tlu* simplest kind, 
and sneli as ha\e always oeeinTed in ca''e> of sliips struek l)y 
lightning not having a eontiinious eoniluetor : e. g* llie elee- 
trieal disehavge, iu toreing its way between die sea and elouds, 
oM.T resisting intervals, and bei'.veen diseoiitimuais im lallic 
masses, was prodneii\(* of a \ioh’nt expansiM' efieet in these 
intervals; eaiisii.g at%tlie same time a col^ideralde e\oluticm 
of heat. 'I'^fiere was really uotliing ]>anieiiiaiiy vwmarkalde 
in liiis'iystanee ; the course of the diseharge w'as a \ery suii]de 
^ilhvv*. lieing, according to tlic law of electrical aeliou just 
excmplilicd \lv\p. 2.) in tlu* line or lines ^)f least reMsianei' 
from the highest point to tiie sea: tlms the course of tlie dis- 
charge was, as represented in tig. fi, plate \1, along the 
masts and rigging, nimn tlie geniTal mass of the hull and sea 
Tlie. vane-spindle u, ujion which die acmnmdaiion was fn>t 
concentrated, was of cour.se .severely dealt witli. Krom this, 
being probably assisted by the moisture on tl>e snrfaci* of the 
wood, it glanced ovi'r tlie royal pole to the liead of tJie top- 


♦ See. a letter in the Annals for Jamtarv last, liy biewteiiiint Sullivan, 
H. N., who witnessed these eireets. 

Voi., IV._No. 24, ///u77, IM40. N ^ 
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galliuit iniist at b, when' it Ibmid interimHUate metallic asvist- 
aiice ill the copjaM* tiiuiud lor the toj)-<;allaiil rigging : from 
this, the vesistaiiee in the mass of the wood appears to liave 
bi‘en less than that on its surface, luohahly from tlie long 
interval of air between the funnel and conducting bodii»s about 
tl'u» cii]) below, the maslfik'as theridbre s])lit open as far as (lit* 
cap at c. Here again it was enal)le(l to strike ov(»r the surface 
of the mast, ujxni the motiils about the jiarrel of the toji-sail- 
yardai </, when* the accumulation becaim* again concentrated, 
producing a j)owerful expansion and In'ating cdferl so lar as 
the low(T i*ap at c ; and thus it passed along jtcr sdUnm over 
the lowio* mast m. from one metallic mass to another, until 
within a striking distance .s- of the sea and hull, it divided 
upon the hull and sea in convenient diri‘ctions s //, ,<? n, .v p. 
Til tins course, as iiidicat<Ml by the waving Ijlack liiaw/, //, c, 
f/, &(*., it (*\i(lently si ught assistance* (mm all the coiidncting 
matt(*r it conhl seize upon ; such as tlu* wet ropes, tin* copper 
funnel lor top-gal!an( rigging at A, tin* iron work and other 
bodic's about tlie to[miast cap ate, as also the nn*n in the top- 
gallant crosstrees at <\ I'he (‘liargt* evidently diviih'd upon 
tliem in juopoition to tin* assistanei* e ach (*r)i]Id alford as a 
small auxiliary circuit, as l lxp. U; tin* men }n‘arest tin* mast 
would be neci‘ssarily in tin* more direct eonrse oi* tin* diseliarge, 
the otln*rs would be nion* or less so aeeonling lo tlieir n*sj)ee- 
tive ])ositi()ns ; that these ])o()r (ellows who were killed siillered 
in this way as being conductors to parts of the charge is 
evident li'om the ai>pear:ince, of the bodies. Mr. Sturgeon 
calls especial attention to the cireumstain’i* of the men In'ing 
thrown in oj)posin‘ direction.s, and thinks it remarkable : but 
lit )W' could it be othenvise r tlui intt iwening air b(*ing <'ansi*d 
to e\})and violently from a c(*ntral jKiint, wtndd neressarily 
opc'rale as a centnii Ibree; sundy there^is notliing. \ery new in 
thi>.^ \bout tin* parrel of tin* toj)s;ul-\anl at f/, W(‘ should 
t‘\pTM*i again p(;w'rr elleets ; for Inar again tin* eliarge beeanie 
conerntrated, and set tlie >ail, v^c., on (ire. dhis is (|'h?Je in 
accordaiuM* with ttn* Known laws f»r eleeirieal aelitui ; thus we 
find tlie points of ingress and egn ss of an artilielal charge, 
W’hen caused to (all on a slip of gold-leaf i»r other m ittc’r, are 
always those in which the most powerful elfect arises; and 
when we desire to lire inliammable matter by electricity we 
place it directly bet\vc‘eu detached metallic ])(>int.s. 

22. The circumstiince of the lightning striking over portion.s 
of the wet mast w ithout damage*, is precisely the same I'llectas 
observ<*<l in certain cases of artificial cl(*ctrical discharges. 

♦ Certiiialy noltiinij iirw, nn*rfly an instanrr of tlic i nVctsi n(hihrnl rxplo- 
\i4»ri tif llic iirst kiinl- Hnii. 
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■'nms ii very flight Him of moisture will allow a jar iiitens(»ly 
rhargc’d to discbarge a luminous ball over along strijjof glass. 
|)r. Franlvliii found he could destroy a dry rat by an 
electrical shocU^when he lailed to hurt a wet one. If we, 
continue, to follow the. discharge find similar expansivi^ 
and (h^striirtive tdlects ; such as th*)nfsting of the hoops on 
the mast, &c., &c., wlilcli will sometimes .occur and some- 
tinn‘s not. 

is really notliiiig in all this to call for cspcadal 
remark, j'xctpl W(‘ may observe, as sliown by the ex])eriiiH‘nts 
already describe<l, that ifa»good c?i]>acioiis conduct m* had been 
iiicorporate<l A\ith tin* na'tst from the truck to tin* metallic 
masses in thi‘ hull aiid to tie* sea, then thesi* (W/hi n si re nna 
destnu*tivi’ t‘iri‘els cfuild not ])ossibly hav(‘ oc?‘urr<-d ; sincetlie 
iiiteiTiipted circuit would lia\e Iji cu avoidi’d, ami llie iuteii.^a*. 
elecl’Jcal action have \;mished, (a* ii-ariy so, at tin* mast- 
head, forll would ]ii\r uo longer bei'ii driven to fona* its way iu 
a dense (W]'! .si\e fonn to lie' hull and sea ; of litis \v(‘ have tlie 
most com]!lel<‘ e\ idciice fre.m (’Xjjt'rience, particular!; iu the 
cases of the vlhps sinu k by iigliluing liaviug sucii conductors 
as those just idliided to, cnriiMi.sly enough (juoti'd by Mr. 
v^tiirgeou as (‘\idinice to the ceiiTrary. It sci‘ms a str.ujge w;iy 
of dis]»ro\iug a I'ct to (|!ioU' those who, luwing lu'en lye- 
wiluessi's, iu^'i.''t upon its truth, 'fhat the eledric matter 
liiially distrilmti'd itsidf up(Mi llic hull as nrll as on the sen, 
is e;ideiil fnnn the eircumstama* of the easing of llearle's 
pump at /, wliich led ilirnugli the side under \v;!ier l)eiug 
sliivered ; fn)m tlie \i\id «‘h'ctrical sparks b('l<»w, and from the 
usual smell of sulphur in the wt*ll, and a'ppeavaiice of smoke, 
iu till' »)rlo[)-deck. 

21. 'I’he iut<'vni)^tt*J c'irciiit therefore Io»1m' trac«‘d here, is 
first from tl#f vane-spiiidle to the <'op]‘er finuiel of tojogallaut 
rigging ;/Jud, fr<mi this (o the eoiidiictiug bodies at the jieel 
«5f.fj.a‘. loi»-ga!laut mast; dnl, theme to the uugallie masses 
about tlie ))arrel of. topsail-yard ; Itb, ibis and tlu' 

metallic bodies about the bead of hover mast: dh, fnmi this 
over the det^-hed metallie bodies ou Iowit mast; finally, from 
lowrn* masl to the bull and st'a. 'Ibe i 'I'ect (»f this sliock of 
lightning ajpe irs to have been some;\bat palliated by heavy 
rain. 

Altliougli Mr. Sturgeon has gone far out of his way to twist 
these ))henomi‘na into an accordance with * evtain theonaical 
views, and sets thmn up as luMiig of an extraordinary kind, 
they are nevertln'less of a simple character, and an* 
mmely illublralivi* of a few well-known laws of’ elect ricaJ 
action. 


(id l.‘f c oiihuufi).' 
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LXXII. Mr. Siurgeoiis fourth Letter to JV. Snow Harris^ 
Lsq. on the subject of Marine Lightning Conductors. 

SlH, 

1 had expectc<l that, th4fury of your \vrath against tlie ex- 
pose, contained in iny fourth nieinoir, of tlie })robahle danger 
and unnecessary eipense consequent upon your/j)lan of light- 
ning conductors being established in the royal navy, h^been 
totally vented in your first unprece(U*nted volley Clf abuse ; 
but in this expectation, as veil as in that of your beifig a sci- 
entific rcasoner, I have been sadly disappointed ; for instead 
of keeping ^'^close quarters,'* aiul observing that strict candour 
which ought to be held sacred in scientific discussion, and 
especially on a topic of such higli national iinpoi*tance as that 
of marine lightning t ondnetors, you still keej) raving on, as 
if dcterniiiicd, by your coars<* bullying language, to eriish 
every attempt to scrutinize your ])lan of condiu tors, or any 
notice tliat may be taken of thost* luu ors into uhicli you have 
obviously fallen. Such as[)eroiis dmninemdng may prohahly 
be suitable enough in your hands, as it is tlu‘ prittcipal \M‘a[roH 
you employ, lJut as I am nor in possession of any of the kind, 
nor of any d<’sire to shitu. in a (*<)ntest of such an ignohlt- 
character, I most willingly acknowlctlge as master of that 
part of tlic field. 

That poiiit settled, 1 must now solicit your attmitioii to a 
few particulars of a somewl^at more important . harca rer, and 
first of all to your own confessiem of youv own ignorance' of 
certain ]H)lnts of t;lectric action, Occasionaflg yon dtmy the 
existcuicc of lateral discharge's in toto: and, (wcasionallif^ yoii 
admit some kinds, of lateral discharges and denv others. 
Perhaps you will arknowledj^e that the more denial of a fact, 
is no proof of its non-exi.Ntence ; and that it. may as pOhsibly 
be gVound(?d on th(‘ mere ijrnoranee of the parly deiiyimr il\ 
Moreover, your denying a faet atones time and aeknowjtTdisrmg 
it at another, is nd sure indication of your accuracy, in either 
case, emanatin'^ from a sound jiuli.oneiit. H 

You have actinitted, however, in pa^o ;il7 of this volume 
that there is such a phenonuMion as a lateral exploaion, and 
you have aihiiitted also, that tliis lateral explosion produces 
mechanical action, hence, you have, indirectly, admitted all 
that I, have achanced concerning lateral discharges of the 
Jirst kind A lor, idthough you seem to have no idea at all of 


♦ Sc-e paragraph of my fourlh Memoir, paf;*- 171 i*f tJii:. \ohii»ic. 
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an electrical wave, you ought to have known that such a wave 
must necessarily be produced by the expansive force of tiic 
ex})losion ; and liad you been that practical man, that I have 
all along oxpefted you were, you would, have known that a 
gold leaf electfoseope properly exposed would indicate ati 
electrical ware tluring the occurrdlice^of a flash of lightning ; 
and that a similar wave is j)roduc<!d by artificial discharges. 
Such facts, however, appi'aring to be tpiife unknown to you 
1 shi^|l Dot, lirre, trouble you more al)out them. 

1 <‘anft>t but. admire your mode of attack in the foiirth para- 
iifraph ^of your tie<*ond prodiM tion on tbits troublesome 
memoir of mine. You ttceni to be labourin. 12 : under t^ome 
uneasines:; about my few clumsy experiments.," which not- 
withstandin;^^ vour self-.^ufliciimt stroui; ])i).<ijtion in the i^cieiifi- 
iic world, .seem, by parairra]))» 2, tf> IniM' pr(»ducef! an 
appr(‘luMK<iou that they inay ])o.ssibly open ihe eye^* of those 
who*!! your elcijaiii expu'i ittenls hclcue llu* Naw JWiard, and 
hiylily svieniifie iUnstrat inns of th(‘ cf!‘c( ts of liLdituinir on 
shi})s' masts Indore the Hritish Association, tin* meml)t»rs of 
the Ibiiled Servici' museum, and other lioilies, have so loin.^ 
hetm hliudintr. 

Now, it so happen.s, tliaJ those lew "‘clum'-y experiments’* 
of mini*, ^*with some e\erN-day jiheuomena of the electrical 
kite,’’ arc' the vi'rv facts wlilcli an iuvcntiw ot* a rod 

ouu’ht to he ])evf<'c.tly acipiaimcd with; and I veriiy believe 
tliat, bad you been stdllciently familiar with the everv-ilay 
pluniomcna.,* as you are pleased to call them, •you could 
never l)a\e b<a*n led to tlie ]hm suasion that the etbu is experi- 
(*uced on board the HcaLde and the Dryad w ere any indic*a- 
tions of those ships beln^ struck hy hizhtnimr. Fvery sailor 
knows well that ships are s(»verel> shakei^hy a peal of vicinal 
thunder, tl^oui h no nghtninu .strikes tlie Ye.ssel; and if you 
would ('v>ndesc(‘nd to repeal some of my i lumsy experi- 
^ments'’* w ith the electrical kite, during a liLditnine: storm, 
ymi would soon learn that the ‘Miissintt noise " and other 
phenomena, \vitne.ssed on hoard the IleaiJrTe and tlie Dryad; 
are the constant jirodnetions of electric wavivs in tlu' atmos- 
phere ; sometimes from tlaslies t»f li^ditniiig and sometimes 
from the mere transit of a eloud over the Lite. Moreover, a 
true indication of the lieagle being not struck by the prima- 
tive discharge is, that neitlierher compasses nor her chrono- 
inot;m-s were magnetized by the event : for had the main-niasrs’ 
comliK'tor transmitted a Aash of lightning as has been sup- 
posed, no eireumstanee hitherto brought to notice, I’ould 
possibly have pnnentoil the iliagnctization of the sti'cl in the 
chronometer which Mas placed so near In tliat couduetor. 





Mr, Sturjieonk fourth Letter 

Agdin, whatever may be your opinion of those every-day 
phenomena of the electric kite,” I have always considered 
that some of those which 1 have recorded are very far from being 
deserving of that epithet you have given them. ‘They are oh- 
viohsly such as you never saw, and, I believe, they are such 
phenomena as you are uname to shew recorded by any other 
person. My clectru' kite experiments have probably been 
more extensive than tlioso of any other person of* the present 
day 5 cUk!, tv) me, they liavc be«'n more pvodiutive of e. .'rert 
views of electric action generally, than any srrii‘s of ex- 
periments I over before piirstitnl ; and led nu' to other investi- 
gations which otherwise I might not have tlumght of. 

liy the copious discharges o(‘ca.-ionally (*xhihited at my 
kite-string, I gained a knowledge of atinospluM’ii* electrical 
waves, and of tlu' (*ausi\suf their prodiu-tion/ Jly an altcm- 
tion to tile inotitJiis of t\)v balls of a (.'avallo’s eh'ctro-sccjio, 
1 have gained a kno^\ Jt'dge of the \aiiablenehs of th(» density 

atnios{»heri<* eli’otricit y iti wiiniy weather. IJy piosceiiling 
my kite exjierinu'nts at all seasons of the yt‘ar, for about six 
sacces^i^e years, 1 liavt? luxui miabled to forct(d at what 
stxisoii of the year, and un(!(*r w li;it circiun^tauces of weather, 
the atinosphert' would be moc't powei fully t^lectrie with 
resnect to tlio LU’ound. 

l?y liiakiiig inv cxpenmeuls in places renioti' from ea« l) 
other, upon hd’t} mountains and in low valhyvs, 1 liavi‘ hemi 
enabled to under.-tand Unit an unedouded atmosphere is co?i- 
.sianfly e let: (ro-posi tire with rcfen^ncc' to the earth. Hy 
studying this fact in connexion with electric wuves, I have 
been led to a knowledge of the cause of tin? ground iM’ing 
sometimes (dectro-positive with respect 40 the air imnn‘(liately 
above it. And by these and other iluctu.jtions of tln» atmos- 
])heric electrical ])ressure, arising from livgromefTicaK aiul 
tlieniU)Tnotrical changes, &e., I have* been enabled lo^iinder- 
stand the cause of the (?vcr-varving electrical conditiw f 
bodies composing tl/e surface of tin* earth. 

By emidoying seveml kites at the saiiu* tiim*, at tlill’en nt 
altitU(h‘S, at dillcrcjit seasons of tin* year, I gained a know- 
hulge of the difliucnt electric conditions ol* atmospheric strata 
at those altitu(h‘s: and from a knowledge of tin* atmosphere 
being differently electric .at different altitudes, I was led to 
infer that an exceedingly thin stratum of air woidd be dilJiu- 
cntly electric on its upper and lower suifaee. — Ki'eping this 
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idea in \ iew whilst re])eatinj; some of llie beantiful experiments 
describiKl in Sir llunijdux^y Davy’s liakcrsian Lecture for 18'2$, 

I was led t<j suspixt tliat thin strata, or films, of meUrUic 
l)odies might possibly exhibit diHereiU electric action on their 
oj)p<isito surfacfes, which 1 foiiiul to be tins case, and in the 
year 1827, I constructed my dry ftlcL^/*ic column, having oins 
"metal oiilv ; cacli }>icce ha\ing a n latirehj positives and u<\ga- 
tive surfaci^.'^' 

Kr;(yri my succ ess with the dry t*h‘ctnc t olimin, I was led 
to cl H-W clumsy c,‘xp<‘riiiit*nts'' in ^:i1v:nusm ; hy moans of 

which ll shewed that mriaJHc roaldcl is not (‘SScrntiallv neces- 
sary to the production c)r galvanic action. t "i’his fliscovery 
was tliought of sullicicnt im])ortancc l>y Dr. Faraday, to 
desiM*\(s a place in tlu^ Transactions of the lioyal Society, ami 
to stdi'Ct it from my book as a lit subjfH t fur the theme of Ijis 
Htli Si-rii's ; forgetting, however, to ass(K iat(^ tlie naiiic ol‘ the 
disiM)verer witli tlie fact. It was by c!t)nt(‘mplaliiig llie elei trii al 
cliara(*ler of (la* same kind of metal iimltT <liirerem states of 
jiolish, ii'xtun*, eSce., lliaf I was led to ilu^ disia/\ ery of making 
active g<tlvanie combinations with om* kind ol‘ metal only, and 
uf slu'wiiig that mst and roUt'd /inc* an' in ditliu'ent elertric 
condiiitjns. Jt was in cons(M|m‘iH‘e of this discovery that I 
was eiial)h‘<l to sliew tliat rolled, or hammered zinc in com- 
bination witli co]>per, made more' jioweiiid galvanic batteries, 
tlian <vi.s7 /.inc, not so treated, would mak(» in combination 
with that metal. i 'Miis diseoverv wa^ alM» honoured with a 
plaei' in tlie rhilosopliieal d’ransactions ol tlie Ibkval Si>cii'ly 
thnuigh tlie t'ourte.sy of !)i’. l araday, who, considering it 
sutlieiently imporUint to form a promim nt feature of bis own 
de\li‘vily in the taetic s^of transjdanlation, \er\ jxdiiely handed 
it to tlie (\mncil of ili<- Ibyal Society ;^s a disco\< ry of lits 
own, plaeyig if vc'iv <*ons]»ieuonsl> in his idth Series. 

Tlu' '“‘evcM'v dav pliemcimma at the eleelrical kite/' which 
^gavi'ine the first idea of thin strata i»4‘ing diti’erenllv tdecliical 
oh* their ojipo.sile sid4 S, UmI nu' to llie su| j]»o>iiii»n that the 
thinnest films which e4»nstiint4- iiU tallit^i rv Ntalline groups 
miglit alsi) be in difienait 4‘leeirieal C4»ndiii4>ns. I'his idtai led 
me to an 4'\t4'n>iv e, seih’s <»f clumsy expcrinu'nt ' which 
W4‘n' J>ei1e4 tl\ smaa'ssful in shewing that < ach S4’j>arat4^ nu'lal 
is suscej)lible of <'xhil)itiiig tliermo-i lcctnc currents, and that 
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OAich o^roup of the crystalline films, is, in fact, .an electrical 
j>ile, as (Iccitlcclly as any c’lectric pile fonncfl of twn or more 
distinct kinds of inetal.^^ 

'Jliesc few s})eciincns t)f the cnns(*qiiences' of some ot' my 
“ clumsy exjjerimciits''’ ami i*verv-day ])heiiomena at the 
electric kiti*, ’ ina\ j»ro^>ably allord yon an idea of their havinj^ 
been vi('u ed, by ] )p l-'araday ami otlnu's, nmu^r a very di/Ii'rent 
as])Oct t<i lliat which woiikl liiin })hn‘e tlxan in. •And, ind«‘(Ml, 
from till* tenonr of y<»nr lirst li'ttiu- to ni4‘,t I ha vv» r^-vt'i-y 
reasoii to think that, your pivstuit ilisinj'emiity and want ol‘ 
candour are tlu' in<'ri‘ t‘treias\)r tin' lanumtable FJrri r**f*hol)io 
under the torments ol' wliitdi tny fourth im'Uioir lias so nnhap- 
7 »il\ ])laeed you: and tliat, as the ardour ol the li'\ < r ai>att‘.s, 
[ am in hopes ^^)ur mind will j^radiialh he n*Mi>red to its 

usual la'altln' toiu‘ of vigour ami <-ouseientiousuess ; and 
resuiiK^ its ea])ability <»f appnM iatiu;^: ihclahours ot i]iose.wh<», 
OA'en under im*x])re 5 isibU‘ <rL‘.a«lvaiilai»es, lia\a‘ so hmi; ])eeu 
■work i 11 *>• with \*<iU in tli«' same la id ot* sei<*nt <*. Ib uta* it is 
tliat, notwithsiaudiiiiLC tlu' violations of conrti sy and eaiidonr 
whicli \onha\e nianilisUal dnnn.i^: the im| m]s(' oftliost' frM< nt 
]>aro\ysms !ind<‘r wliich \ on have Inaai nnhappil\ labounmc^ 
1 most willingly and sineendy 4*xon»‘rat<* yon from all blame 
in this teni[iorary niisumh^rstamlinj^ ; and you may n'St per- 
feetly assured, tliat, whenever lil>evalitv and candottr a^ain 
onianaie iVom yoiir ])4ai, diex' will In* aceom})aiiied \)\ my best 
wislies for > our w eli’are ami success. 

1 iiave, tin' lionour tt> be 
Sir, 

\ our obetlient Serva 

. \\ IJdd AM S'Jd lt<;F.<)\. 


'i'o W. Snow Harris, Fs<j. 

P.S. — ^rin* state (»f tlie ('ont^>^ <*rsy will be s»‘en on the m'Xt 

page. 
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XXI II. — V.xpe.nmcniill Rcxearches in Elect ricUfj. — T u'el/fk 
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Royal and Imp. Acadd. of Scionce?, Paris, Petersburg, 
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^ ix. Dixniptii'c (lisclulrffc continual — Lis'iildtiim — Spark — 
Ji/’Hsli — I )itl'ereva*of dtscUanje. at the positive and lu rjatice 
surjiicvs of conductors. 

• • 

’ 11592. When a spark had passed at either interval, then, 
generally, more tended to appear at the same interval, as if a 
preparation had been made for the p.assing of the l.atter spark. 
So also on continuing to work the machine (piicWy the sparks 
generally foihrwod at the same place. 'I’his eflVct is proliably 
due in part to the warmth of the air heated by the preceding 
spark, in part to dust, and 1 suspect in part to something 
unperc.eived as yet in the circumstances of disch.irge. 

1393. A very remarkable ditl’crence, which is constant In 
its direction, occurs when tin; electricity communicated to the 
balls s and S is changed frtun positive to negative, or in the 
contrary direction. It is that the range of variation is always 
greater when the small balls arc positive than when they are 
yoL. V. — JJo. 27, Septeml/erl \SA0. X 
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negative. This is exhibited in 
from the forinor experiments. 

the following 

I’able, drawn 

Ill ir the range was 


N*'fr. 

. 019 

009 

Oxygen . . . . 

. 0-19 

0 t)2 

Isit regen 

. O ld 

0-1 1 

ilydnigon .... 

. 0*14 

{)05 

C'arhonic aeid . 

. O-K) 

002 ’ ■ 

( )lellant gas 

. 0 ;>•> 

0-08 

(.4»al ga.s .... 

. 0 24 

0-12 

Aliiriatic acid • 

. 0-4;} 

0-08 


I havT no doubt tltoe nunibei\s rorjuiro coiK'-idorabh* correction, 
but till' general result is striking, ami the diUcrcnecsin .'several 
cases very great. 

13!b4. 'I'bnuglu jn coiise([iUMK'C of tbo variation of tlie 
striking di^taiu'o ( ]:rsf;.), tln^ interval in air fails to b(* a 
inoasiire, as y(‘t, of the insulating or r('si>ting powm* of tb(' 
gas in the V4\<sel, yet we may for present. pnrp*>ses take the 
mean interval as ref)reseiiting in some dt gri‘e (bat pfnver. 
On examining lliesi* itu*an inr(n*\als as they are given in the 
third column (l.'JSW.), it \\ill be vtry (‘xidt'nt, that gas(*s\ 
v;hen employ t'd as (li(‘lertrics, have ])eculiar electrical r(‘la- 
tions to insulation, and therefore to imlm ticm, v('ry (listinct 
from such as might be sii])pos(_d to (U;p(>n(l upon their mere 
physical ipialities of spi^cilic gravity or pri^s>un*. 

1395. First, it clear that at the s(imv prassurr tlu'v are 
not alike, tin' difiereiKM* being as great as 37 and 1 lU. When 
the small balls are cliaigefl po.>iriv(;ly, and with the same 
snrfac(!s and the sjjme jire.-sure, innriatie ac id gas has tliree 
times tlie insulating or restraining power ; 13)62.) <^f hydrogen 
gas, and nearly twice that fd’oxvgen, nitrogr*m or air. 

1.30C. Yet it IS (-vidiMit that tlie ditrerenee is no? due to 
specific gravity, for tlunmh hy<lr(Mj'('ii is the lowe.'t, and 
therefore low( r Than oxj gen, oxygen is rniu h heneatli 
nitrogen, or than olefiant gas, and carbonic acid ga-^, tlio»igh 
considerably, heavier than olefiant gas or nuniatie. gas, is 
lower than either. Oxygeiias a heavy, and (»Ieriant as a light 
gas, are in strong contrast with each other; and if we may 
reason of olefiant gas from Harris’s results w ith air (136.5.), 
then it might he rarefied to two-thirds its n^nal density, or to 
a specific gravity of !)-3 (hydrogen being 1), and having 
neither the same density, nor pressure as oxyg<M), would liavo 
e^ual insulating powers with*it, nr equal tendency to resist 
discharge. 

13S^7. Experiments have already been described (1291. 
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12‘r2.) wJiich shew that the phases are sensibly alike in their 
iiidiietive rapacity. This result is not in contradiction with 
t lie existence of i>reat dirteronces in their restraining power, 
'rini same point has been observed alr^*ady in regard to dense 
and rare air (I37h.). 

13!iS. Hence arises a nc‘\v argunn^fit proving that it 
cannot be mere pr(?ssiire of the atmosphere wliicli prevents or 
g()V(*nl^dis<'lian:re (1377. 137^.) but a specific electric (piality 
or rclTition of llie g'aseous meiiium. Hcmee also additional 
argmmmt for the thenry f'f molecular inductive action. 

I3!ej. Otlicr s])r('i1i(* dincreiu'cs amongst tlu" gases "iiiay 
he drawn from thti preciMlim* s<‘rit*s of e^perirneiils, rough 
iin<l hasty as they are. 'rims th(‘ posifivt? and negative series 
of nu‘an intervals do not give the saiiUMliirereni es. Jt has 
heefi ali’i'acly noticed that the ii(\gati\r* nunib<M*s are low^er 
tlian the j)ositive ( 1 3!t3,), hut besides tlfat, i\\Kt order of tlio 
positive and negative' results is not the sauK*. Thus on 
coMipai'iiig the mean numbers ( which re[;rcs(^nt for the present 
insulating It'nsioiu) it appt'ars tiiat in air, hydrogen, carbonic 
acid, oleliam gas, and muriatic acid, tlie tension rose higher 
when the smaller ball was made jicsitive than when rendered 
negativt', whilst in oxygen, nitrogen, and (oal gas, the reverse 
was the ease. N(»\v llumgh the mimbers cannot bi* triHUrd as 
exact, and timugh air, oxygen, ami nitrogen should ])robably 
be on the same side, \ig sv)me of the r('suit>, as, f(jr instanee, 
those with muriatic a< itl, fully -hew a peculiar relallon ami 
diirereii.'t' among ga'<es in tins re.-pe(‘t. 'I'lii'' wa-^ lurthi'r 
jiroved by making the interval in air (hS id’ an im h wlnlst: 
inuriatii! acid gas was 'in the ves>el o : for on charging tim 
small halls .s ami S J;^^itively, all tlie discharge t<* -k place 
through ih? (tir ; hut on charging thi'in negatively, all the 
discharj^' look place thrmigh the inurialir arid aan, • 
*1400. So also, when the comiuclor /i was eonneeted 
with the inurialic aeid gas apparatus, it <^vas foiiml that the 
diseharge was more facile when Uie small hall s was negative 
than wluMi positive* ; for in the latter ease, mtich of tlie elec- 
tricity passed olV as brush diseharge through the’ air from the 
connecting wire ; but in the former ease, it all seemed to 
go through the mmiatie aeid. 

1401. I’he coiisuh'ratifm, however, of positive and negati\e 
discharge across air and other gases w ill he resinned in llie 
furtlier part of tliis, or in the next paper. 

1402. Here for the prcse4t: I must leave this part of the 
subject, which had for its ohjeet only to observe how far 
gases agreed or differed as to their power of retaining a 
charge on bodies acting by induction tbrough them. Ail tlit 
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results conspire to shew that Induction is an action of con- 
tiguous molecules (1295. &c.); hut besides couhrming this, 
the first principle placed tor proof in the jx'cscnt iiuiuiry, 
they greatly assist in developing the specific propt?rtics ttf eat ii 
gaseous dielectric, at the same time shewing that further 
and extensive experimental investigation is necessary, and 
holding out the promise of uew discovery as tho reward of 
the labour required. 


1403. When we pass from the consideration of tliclectrics 
like the gases to ..that of bodies luiving the liciiiid and solid 
condition, then our reasonings in tho present state of the 
subject assume much more of thecharacter of meresuj)position. 
Still I do not perceive anything atlverse to the theory in the 
phenomena which such bodies present. If we take three 
insulating dielectrics, as air, oil of turpentine and shell-lac tind 
use the same balls or conductors at tlio sjune intervals in 
these three substances, increasing the intensity of the induc- 
tion until discliargc take place, w<? sliall find that it must he 
raised much higher in the fluid than for tho gas, ami higher 
still in the solid than for the fluid. Nor i.s this inconsistent 
with the theory ; for with the liquid, though its molecules are 
free to move almost as easily as lho.«;<! of tho iras, fliore are 
many more^ particles introduced into the given int«‘rval ; and 
as respects the latter circumstance, the same is the case when 
the solid body is cmployc<l. Bcsnlos that, the cohesive force 
of the body used will produce some ellect ; for tbongh the 
production of the polarized states in’ the parth le of a solid 
may not be obstructed, but, on the centrary, may in .some 
cases be even favored (1164. 13-14.) by its solidity or other 
circumstances, yet solidity may well exert an jnfiucncc on the 
point of its final subversion, (just as it. prevents disebarge-iu 
an electrolyte,) and so enable inductive intensity to rise to a 
much higher (U'grcc. 

1404. In the cases of solids and liquids too, bodies ma}’, 
and most probably do, possess specilic ditrerences as to their 
ability of as.samiiig the polarized state, and also as to tho 
extent to which that polarity must rise before disetharge occurs. 
An analogiujs diflerence exists in the specific iruiuctive 
capacities already pointed out in a few suhstanccs (1278.) in 
the last paper. Such a differcn<*c might even account for 
tho various degrees of insulytiug and cojiducting power 
possessed by <lifferent bodies, and, if it shouhl be found to 
exist, would add further strength to the argument in favor 
of the molecular theory of inductive action, 
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1405. Having considored these various cases of sustained 
insulation in wou-coudueting dielectrics up to the highest 
poitit which tluty can attain, we find that they terminate at 
last in disniplive disrhartje ; the pecjfdiar condition of the 
tnoleeides of the dielectric which was neces.'^ary to the con- 
tinuous iudiK-tion, l)cing equaJly essential To tlu; occurrence of 
that ellect which closes aw the j)henonicna. 'J'his di-charge 
is not (?hly ill its appcaraiu’c and <*nnditinn difl’nroiit to tlio 
foniK'rTnodf's l)y which llic lowcrUnr oi the pow(*r.^ wa.s c'Hcctcd 
(IIV20. iuit, wliiistVeally the haiiic in principle, ^aricH 

much from itself in ccilaiii clKiractcrs, and pr(‘scnts us 

with the forms ol ' brush and (/liptr ( IIV>!h). I w ill tirst 
consider (hr sptnlu li’.nitino it hir the ]>r« sent to the case of 
di^'liargi^ ix’twccii two o}>])r)sitidy (‘Icctriliod cundneting 
surhlces. 

7//C rlccfric .sjiorh or flush. 

IdO^i. ‘^riie spark is a disf’havLo* or lowco-inp* of tho polar- 
ized inductive state (d* manv dit^lectric particli‘s, hy a j»arti(*idar 
action of a few oftlie ])articics i){'cuj)yini.r a vf'ry small and 
limited space ; all the pre\ious!y polari/(‘d partich^s returning 
to their first or normal (‘ondition in tin? inver.^e order in w hich 
they left it, and nniline their powers meanwhile to j^roduoe, 
or rather to I’nntmue, (1417 and IDiti.) tlie disclijjVLre ertect 
in tho place where th(» >uh\<M>i(m offeree first o('curred. Mv 
iinpre'-sioii is, that the few particles situated whma* discharge 
o(H*urs are not inerel\ pushed ajuirt, hut assume a peculiar 
stale, a highly exalted eimdition for the lime, i. e. h:ne thrown 
upon them all tic* snr*^)imding forces in sufce.'^sinn, and ri>ing 
uj) to a pvoportionati* intensity of condition, perhaps etjual to 
lluit of chemically eoinhiuing atoms, dis<‘hari»t? the poWer^, 
pt.osibly in the same manner as they <lo tlieirs, l>y some o]>er- 
j.tion at juTsent unknown to us ; and so tlu^end of the whole. 
'I’lnr ultimate ellect is t^xactly as if a metallic wire had hc'cn 
put into the place of tin' disehariring particles ; and it does 
not seem impiissihle that tin? principles of action m both eases 
may, hereafter, prove to he the same. 

1407. '1 he palh of (hr sparky or of the diseliarge, depeinls 
on the degree of tension acquired by the partii4i»s in the line 
of discharge*, cireumstance‘s, which in every common ease are 
very evident and hy the, theory easy to understand, n'ink'ring 
it higher in them than in tUeir* neighbours, and, by exalting 
them first to the reeiuisite condition, eausing them to deter- 
mine oil the course of the discharge. Hein e the selection of 
the path, and the solution of tlie*w'onder w hich Harris has so 
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well described^ as oxistinj^ luulor the old tbeury. Ali is \m> 
pared amongst the nioleeules hetbreiiand, hv the i)r!or indiie- 
tion, for the path either (;t‘ the eleetric spark * or ot lightning 
itriolf. 

140S. The same ditiuT.lty is expressed as priiieiple 1)}’ 
Nohili for \eltaie eleetrieily, almost in Mr. Harris’s words, 
namely, t eleetrieity directs Itself towards the point where 
it can most easily diseharge itselt," and the results oT this as 
a principle he has well \vri!»ught out f(»r the case of voltaic 
currents. lUit the sohdlou of ilu'. (iilliciiliy, or tlu* proximate 
cause of the <‘t!ects, is the same: iiidiiction brings the jiarli- 
clos up to or towards a eertain state ( l.‘570.’ ; and by tliose 
wlimli first attain it, Is the discharge first and most (‘Iluiently 
performed. 

MO!), 'fhe wonu’/if of discharge is jrrol'al)!}' dclernhncd 
by that molecule of the dielectric whicli, from tin* circum- 
stances, has its tcii’'ion most (|uickly raisi'd up to tin? 
maximum iuten>Iiy. In all rax's v>l)r](‘ ihc discharge pas.M*s 
from Conductor to condiirtor this moicfule Tim^l lx? on the 
surface of one of tlu HI : hut wIjcu it pa>scs h(’tw(?eu a ('oii- 
ductor and a non-conductor, it is, pm'liaj)^, not always >o 
(Molh), W’tum this particle lias aci|uired its maximum ten- 
sion, tlien tlu* v.hol(‘ hanii'r of ri\-islaiice is broken down in 
the line or lines of inductive action oriijinating at it, and dis- 
rujitivc di.charge orcurs (MTO.): and siuli an iiifcrein'e, 
drawn as it i> from ihe theory, .somns to me, in accordaiu'e 
with Mr. IlarrlsV facts and concliiHons re^pi'cling the icms- 
tance of the atmosphere, nanu ly, that it is not roally greater 
at any one discharging di-taiicc than another. t 

MIO. It .s('cms probable, that the Vimsion of a partich* of 
the same dielei trie, a> air, which is reiiiii.^ite to prodiu c dis- 
charge, is a {(•hsiaut (juanfiljf^ whatever the -hape (.f'lhe jiait 
of the ('(inductor with whidi it i.^ in c'ontact, whether k'ul 
or point; wljat(‘\cr llu‘ thiokiu'ss or depth of dieh ctrie 
throughout which iiiduclion i.> ('xerted ; jKuliajis, (‘veu, what- 
ever the stat(‘, as to rarefaction (u* condensation of tluj 
di('lec(ric; and wliat(*ver the nahin'of the conductor, good 
or had, with wliich the ]»arliele is for the morntmt associated. 
In saying so much, I do not mean to exclude small dillerenees 
which may he eau.-aul by tlu* reaction of neighbouring par- 
ticle.son Ihe deciding particle, and indtunl, it is evident that 
the inten.sity nupiuxul in a particle .must he related to the 

t • 

• Naafit'jd |s:M, |>, J'ifC 

f Hitilio!hf'<nj(* t'ljurofllf, jix. ijT.V 

; 'J’rni^inctionv. ls3i. np, v’vMC 
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condition of those wliicli arc contltriious. lint if the oxper ta- 
tioii should l)C found to apj>roxin]at<; toUriith, what a loukt- 
ality of characfyi' h. prestnits ! and, in the delinittniess of the 
power j)o^ses‘^(*d hy a partienlar in(»l('ruh.s may \\c not ho{)e 
to find an ininuMliate nJation to tin* i'^rco which, h(*iiJfy <dee- 
t.rieal, is equally defmito and constitutes cljeniical allinity ? 

Mil. Tln'oretically it ^(uild seem that, at th<‘ moment of 
hy tlu* spark in one line of inrluetivt! foree, not 
iner(‘lv. '' ciild all tiie (Uher lini*s ifirou tlu'ir forces into this 
OIK' (i lOh.), 1)111 tile latte/al eth%*t, (‘(juivahnit to a V(‘pul>ion 
of these lines (\'2'2'l. llihT.), would l>«‘ rellevcMl and, ja*rh;jp.s, 
followed hy s(»m(‘thinL^ etiuivalimt to a contrary action, 
amounting:!: to a. eolla]»>(* ()r attraction of tlie’e |>art>. Ilavinir 
loni: soul;!!! for >ome trans\erse force in statical electricity, 
\vhi(;h shoiiid l)\‘ tlie (Hjuivaient to nia'^oieti-m or tile transverse 
force of ('iirrent elca l rx ity. and (‘onceivjiiL'' that it miuht be 
eomuvti'd with l!ie tran>\t'rst' a(*Mon of tin line ; of indiictisa; 
forei^ already de^erilxMl i I was desirous, 1>y \arion.s 

expi'riuKMits, of hriin.’iuL'' out tli»' elfeet of such a foi-ci*, am.1 
making' it hear njion the plnaioinena of clectru‘mai:iu‘lism and 
ma,i»net(>-cle(*tri('ity. 

i ‘112. Airioaest other result.-. I cxpia ted and soiiLdit for 
tlie mutual alVeetion, or even tlu^ lateral eoalition of two 
similar .'jiarks, if limy could be ol>talued simnltam^ouslv side 
liy sid(‘, and sullieiimily near to ea<'h otlna*. I'or tin-; purpose, 
two similar l.eui»‘n jars \ver(‘ snpp!i(xl wiili i«xU*of e(»ppia' 
}>roj('eti.i;4 from tiu’ir t»alls in a horizontal dire(Miun, the r<ais 
Ix’iii;/ about tC2 of an inch thick, and laannh'd at the ends. 
The jars were ])laeed upon a ^lu*el (»f tinhjik and .-o adjn.-ted 
that, their rods, a and were near touetUnx in the position 
rc'presented# in p*an at 11^!*. 2, c and tl wvvc two brass halls 
('oniieetiHl hy a lirass rod and in.^nlatial ; r was al>n a brass 
ball eonmatc'd, by a wire, with lln'. yronml ami with tluMinfoil 
upon which tlie Leyden jars were plaeta^. Hv la\inij: an 
insnlat(*d metal rod across from a to A, ehari:ini»' the jars, and 
removin^^ the rod, both the jai> eonld l)e hroui^ht up to the 
sanu‘ intmisiiy of eliariia* ( liiVO.). d’heiu makinr;: tlu* hall c 
approach the hall c/, at the moment lh{' spark pa^se(l there, 
two sparks [lassed between the rods //, o, and tlu^ hall r: mni 
as far as tlie <*ve could jnd^^t', or the eoiuiilions determme, 
tlu'y w('re simnltamHins. 

1413, Ihide.r these einannstanees two modes of dis(4iari::e 
took place ;('itlier each end had its own, particular spark to the 
ball, or else one end only \vas dssoeialed hy a sjiark with the 
ball, but was at tlie same time related to the other end hy a 
«park betw^cen the two. 
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1414. When the ball c was about an iueli in diameter, the 
ends, n and o, about Mialf an inch from it, aij^d about 0*4 of 
an inch from each other, the two sparks to tl»e ball could bo 
obtained. When, for the purpose of bringing tlio sparks 
nearer together, the ends, n ami o were brought closer to 
each other, then, unless very carefully adjusted, (Hily one end 
had a spark with the ball, the other having a spark toil; 
and the least xarlathu! of position would cause eitls^ // or o 
to be the (Uid which, giving the direct spark to the b-!l, was 
also the OIK' through, orbyiaeaus of which, the other discharged 
its electricity. 

1415. On making the ball c smaller, 1 found that tiieu it 
was needful to make the interval hotNvecMi the n and o larger 
in propotion to the distance between them and the hall r. On 
making c hu-g(‘r, I found 1 could diminish the interval, and 
so bring the two simultaneous separate sparks closin' togiUher, 
until, at last, tlie distance between them was not mt>re at the 
widest part than O.b of their wdiole length. 

1410. Numerous sparks were then passed and carefully 
observed, 'riiev were very rarely straight, but either curved 
or bent irregularly. In tin* av(‘ragc of cast^sthey were I think, 
decidcnlly convex towards each otlun* ; p^nhaps two tliirds 
presented mf)re or less of this etlect, tlu.» rest bulging more or 
less outwards. 1 was iiever able, however, to obtain sparks 
which, soi)arat(‘ly Icniving the ends of the w irt»s n and o, con- 
joined into one spark before limy rmu he<l or conimunleatcd 
w’itli the hall c. At ])resent, therefore, lliotigli I think I saw 
a teinlency in the sparks to unite, 1 cannot assert it as a fact. 

1417. lint there is one very iuteK^sting elFcet here analo- 
gous to, and it may be in part the with, that 1 was 

searching for ; I mean tlie incr eased facility of disc+iarge where 
the •spark passf^s. I'or iiistauci*, in tin* cases wl^ere one 
end, as w, discliarged the electricity r»f both ends to tlie hall/*, 
fig. 2., the elcctrifdty of the other mid o, liad to pass tliroiigli 
an interval of air I 5 times as great as that which it inigiit 
have taken, by its din^r t passage between the end and the hall 
its(df. In s'uch cas(*s, tlu^ eyi* eonhl not distinguish, even hy 
the use of WjiKA'isroN'};’s means*, that the spark from the 
end 71 whhrh contaimid Loth jiortions of the ele<*tricity^ was a 
double spark. It could not have con.-,istt'd of two spark.-> taking 
separate cours(\s, for such an etfeet would have l>eon visible 
to the ey<^ ; hut it is ju->t possible, that the spark of the lir?l. 
end n and its jar, parsing at the sbiallest interval of time 
before that of the other o, had heated and expanded the air in 
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ifs courso, jxntl made it so much more fttvorablo to discharge, 
that the ol(?ctrk*ity of the? oiid o prefcrrcM loading across to it 
ainl taking a v<?ry circuitous route, ratlier than the more 
(lirict one to thii ball. It must, however, be remarked, in 
aiis\v(M* to this supposition, that the one spark between d ande 
would, by its intiuerice, tend to produc^^ sinmltaueous dis- 
( barges at n andVi, and certainly did so, wljcu no preponder- 
';am*(‘ WiTS giv(Mi to one wire over the other, as to the piaivious 
induclTve eM'ect (l*H4.). • 

111?^. '1 lie fact, ho\vcv*‘r, is, that disruptive dischargo is 
favoi*ai)lo to itself. It is at the outset a ea*>e of tottering 
e(|uHil)riuin : and if liau. he an element in discharge, in how- 
ex t;r minute a proportion ( 14‘Mi.), tlien the commencement of 
act at any j)oint favors its eontirmaiice and im-rease there, 
and "portions of powt>r will he discharged by a (*ourse W'liich 
tiu‘v would not oliU‘rwis(‘ havi* taken. 

I I lit. 'Tlie mere lieat and expan^imi (»f the air itself by tlie 
the* first ]a.)rtlou of el(‘ctricily whi< h pa^^jcs, must haxe a great 
iunuence in produeing this result. 

It'JO. As to the r(*sull Itself, we sc'e its influence in every 
''■park that passes : fm* it is not the whoh? (juantity which 
passes that <iet(*rmines tlie di.-eharge, hut meiady tliat small 
portion of force which brings the de<'iding molecule (1370.) 
up to its maximum tension ; tlum when its fovie.> are subver- 
t(Ml and discharge begins, all the re.-t passes ])\» the same 
cours(‘, from tlu^ influence of tin* fax cu ing circnTn>t,i!ices ju^t 
rc'ferrcd to ; and whether it be the electricity on a scjuare inch, 
or a tbonsand S(|uare inches of charged glass, the discliargu 
is complete. Hereafter we shall lind the influeneo of this 
(•fleet in th^ for. latiuiT of^bruslies ( 143.”).): and it not ini- 
j)ossil,de lliat wa* may traca* it j)roducing ilio jaggeil spark 
and the forked lightning. 

1421. The characters of tlie electrie spark in (Vff\rent 
yascs varvj and the V?iriation f/nnj he due sitnply to the eireet 
of the heat e\ olved at the* moment. Hut it uiav also he due 
to that spoeilie n*lation of the partieh's and the electrie forces 
whi(di I have assumed as tlu^ basis of a theory of induclion ; 
the facts do not oppose such a view ; and in that view, the 
variation strengthens the argument for molecular action, as it 
would scerri to shew the influence of the latter in every part 
of the electrical elVect (1423, I th l). 

1422. '^riio appearances of the sparks in diflVrent gases 
have often hocu observed •auj recorded, * hut I think it not 

* Sre Van !VI<ir(iiies description of llu' IXf.irtiinv, wd. i i». HC. 
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out of jilai'O to not’u'fl briefly the followinir results ; tlu'y wer.* 
obtained with balls ‘of brass, (platina surfaces would bavi; 
been bettor,) and at eommon pres-suros. InVir, the sparks 
have that intense lip:h(fand bluish <-olour whieh are sf) well 
known, and often have faint or dark parts iir their t ourse, 
when the (piantity of eleetrieity passing is lu.i. groat. In 
nitrogen^ they are very beautiful, having the .same genor.il 
appearance as in air. but have decidedly more c<)lour a 
bluish or purple character, and I thought wtua? rcniarUably 
sonorous. In oxygen, the sparks were whiter than in air or 
nitrogen, and I think not so brilliant. In Injtlrogtn, they had 
a very fine crimson colour, not tine to its raritv, for the eha- 
racter passed away us thr afmosphort' was rarefied (\ If)!!.)* 
Very little sound was produeed in this fias ; but tluit is a eon- 
sequence of its physical condition.! Jn carbonic acid f/ffs, 
the colour was similar to that of the spark hi air, hut uith a 
little green in it: th(‘ sparks \\<M-e reinarkahly Irregular in 
form, more so than in common air : they could also, under 
vsimilar circuinstanco.s as to size of liall, ike. be obtained much 
longer than in air, tiic shewing a singular readines.s to 
pass the di.schargo in tin* form of spark. In mvriaiir ariil 
the spark was nearly wliite : it was always hriglit tlirongh- 
out, never presenting those dark parts which liapptm in air, 
nitrogen, and some otlier gasi's. '1'lu‘ gas wa^dry, and during 
the whole experiment the surface of the glass globe willfm 
remained quite dry and bright. In coo/ //r/t, the sjiark was 
sometime.s green, sometimes red, and oi-casionaliy om‘ part 
was green and anotln^r red. IJlacI^ jiarts also occur vm-y 
suddenly in tlic ling of the spark, i. c. they are not connectefl 
by any dull part with liriglit portions, hut the |wo seem to 
join directly one with th<* other. 

1423. 'Jiicsc varietic.-! of ebaraerer impress luy rniiid willj a 
feeling, that they are due to a direct relation of tin; electric 
powers to the phrticlos of the dielectric tbn^ugh which the 
discharge occur.s, and are nett th(^ im're results of a casual 
ignition or a secondary kind of action of the eleetrieity, upon 
the partielo.s which it finds in its course and thrusts aside in 
its pa.ssage (14.'>1.), 

1424. 'The spark may bo obtained in media wliieh are far 
denser than air, as in oil of tnrpentivu?, olive oil, resin, glass, 
&c. : it may also be obtainc«l in bodies which being denser 
likewise approximate to the conditiow of condudors, sis .sper- 

» 

♦ Van Maruni, says tley r ri- a'l-tn! ficar lime* a'- lanjf in tiydragcn as in air, 
vol. i. p. 

4 J.e'vli#*. 
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inafcti, water, ite. But in those eases, occurs wliicl), 
as far as f eaii*,pore,eivc, is at all hostile to the {'cncral views 
I have eiuleavored to advocate. 

I 

The electrical brush. 

'rho is the next form of disruptive disehaip: 

"VAirh rwill consider. There are many ways of obtaining it, 
or ratTier of exalting its characters ; and all these ways illus- 
trate the principles upon which it is j)ro<]uc(‘d. If an insulated 
condiu'tor, connec.t(*(l with tlie po.^iti\e conductor of an elec- 
tribal inaeliiiu^, have a metal rod 0-3 of aiipineli in diamet(M’, 
ju’ojecting from it outwards from the machine, and terminating 
hv a rounded end or a small ball, it will generallv eive nood 
In ushes ; or, if the niaehiiie he iiol in good action, tiien nuiny 
ways of as'iistiiig the formation of the brush can Ite resorted 
lo; thus, the haiul, or any /o/y/c conducting surface may he 
apprtiaclied towards the termination to hierease inductive 
force ( 137-1.) : or the termination may he smalier and of 
badly eondiieting maltei, as wood: or sparks may be taken 
betw een the prime eouduetor of the maehiuo and the secondary 
eondueior to which tiu* termination giving brushes l)elong.s : 
or, wliieh gives to the brushes exceedingly fine characters and 
great magnitude, the air around the termination may be 
rarelit'd more t)r less, either by heat or the air pump ; the 
former favorable eireumslauees being also eoiitmued. 

I42l>. The hiush when obtained i>v a powerful machine on 
a ball about 0‘7 of an inch in diameter, at the end of a long 
Inass rod attaelied to the positive prime (^onductor, had tlie 
geiH*ral apnearai ee as^to form represenlctl in fig. 3.: a short 
< ()uieal brigMit part or roof, appeared at the middle ]iart of the 
hall projl'ciing directly fnnn it, wliieli ;tt a little distance I’rom 
the hall, broke out suddeidy into a wide brush of pale ratni 
lieatious having a (juivering motion, and ht'ing aeeompanieil 
at the same time with a low «lull chattering sound. 

1-127. At tirst the brush seems eoutiuuous, lw»t Professor 
Wheatstone has shewn that the witule j)henomeuon consists 
of sueeessivo intermitting discharges.*' If the eye he passed 
rapully, not by a motion of the head, hut of the cyohall itself, 
across the direction of tlie brush, by first looking steadfastly 
about 10' or 15 above, and then instantly as much below it, 
the general brtish will b« resolved into a number of individual 
brushes, standing in a row tipoti Ihelitio whieit tlie eye jiassed 
over; each cleiiieiitary brush being the result of a single dis 
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charge, and the spa.e between them reprcsienting botli the 
time during which the eye was passing over ♦hat space, and 
that which elapsed l>et\veon one discharge and another. 

1428. The single brushes could easily be separated to eight 
or ten times their Qwn w'ulth, but were not at the same time 
extended, i. e. they did not become more indefinite in shape, 
but, on the contrary, less so, e.aeh being more distinc t in fonn- 
ramification, and character, because of its separation fe.mTho 
from the others, in its effects upon ♦he eje. Faeh, therefore, 
was instantaneous in its existence (14ij(!.). Kach ha«l the 
conical root complete (142(>.). 

1429. On using a smaller ball, the general brush w as smaller, 
and the sound, though weaker, more continuous. On resolv- 
ing the brush into its elementary parts, as before, these ’- i /e 
found to occur at much shorter intervals than in tin' ft)rnier 
ease, but still the discharge was intermitting. 

1430. Employing a wire w ith a round end, the brush was 
still smaller, hut, as before, separable into sueet'ssho dis- 
charges. The sound, though feebler, was higlter in pitch, 
being a distinct musical note. 

1431. The sound is, in fact, due 1<» the reeurrence of tlic 
noise of each separate diseharge, and tbc&e, happening at in- 
tervals nearly ecjual under ordinary circumstances, cause a 
definite note to be beard, which rising in pitch with the in- 
creased ra'^ndity and regularity of the intermitting discharges, 
gives a ready and accurate measure of tlie intervals, and so 
may be used in any case when the discharge is hc*ard, even 
though the appearances may not he seen, to ih-tcrmiiu' tin- 
element of time. » So, also, when, by bringing the hand to- 
wards a projecting rod or hall, the pitch of the to.ie profinced 
by Oibrusljj' dis( barge iin reases. the effect informs us, that wi- 
have increased the inductiem (1374.), and by that means in- 
creased the rnpiijity of the alternations of charge and dis- 
charge. 

1432. I5y Using wires w it.h finer terminations, smaller brushes 
were obtained, until they could hardly he ilistinguished as 
brushes ; but as long an sound was heard, the discharge could 
be ascertained by the eye to be interinitling ; and when the 
.sound ceased, the light became continuous as a glow (l.dolt. 
140,5.). 

1433. To those not accustomed to use the oyc in tin? manner 
I have described, or, in c ases where f fie recurn*uce is too cpiii k 
for any unassisted eye, the* beautiful revolving mirror of 
Processor Wheatstone* will he useful for such developments 
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of comrition as those mentioned above! Another excellent 
process is to prpdncc the hrusli or other luminous jdienomenon 
on the end of a rod hold in the hand opposite to a charg(!d 
positive or negative conduertor, and than move the rod rapidly 
from side to side whilst the eye remains still. 'I’he succe.ssi\e 
discharges 8ccur of course in did’erent places, and the state of 
fil ings before, at, and after a single coruscation or brush can 
ui?^x 4 ;eeding well s(^parated. 

1434. 'Vhi.' hrunh is in, reality a discharge between a bad 
or a noji-cojnhictor and eitlier a cotnluctor or another non- 
conductor. I'nder comitxiu circumstances, the bru.-^h is a 
dischargi; between a condm tor and air, arttl I conceive it to 
take place in some thing like the following manner. When 
'*l'-e,end of an eloctrilied rod pmject.s intt* tin; midille of a room 
induction lakc.s place, between it and tl;e wall> of the room, 
across the rlielcclric, air : atid tin* lines of inductive force 
accumulate np(m the end in greater (|nantity than elsewhere, 
or the particles of air at tin* einl tli». rod are more highly 
polarized tliaii llu)se at any other part of tlie rod, lor thi‘ 
reasons already given (1374.). 'I'lte particle.s of air sifualetl 
in sections acro.ss the.-e lines of force are least polarized in 
sections towards the walls, and most polariy.»!d in those nearer 
1,0 tlie eml of the wires (13(i<).); thus, it may well happen, 
that a particle at tin* end of the wire is at a ten.sion that will 
immediately terminate in discharge, whilst, in thosft even onls 
a few inch(!.s otl', the tension is still beneath that j)oint. But 
.suppose the rod to be charged positively, a particle of air A. 
fig. 4. next it, being p»4anzed, and having of course its nega- 
tive forci' directed towards the rod .mgl its positive foictr 
ontvvards :#tlio ii.stan^that discharge take.s place between the 
positive^ force of tlie j);irticle of the rod oj»po.",ite the air and 
the negative foree of the particle of air toward.^ the roA, the 
whole particle of air heconu's ])osifively electrified ; and when, 
the m*xt instant, the di.seharged jtart of flie rod re.siunes its 
positive state, by conduction from the surface of metal Iveiiind, 
it not only acts <m the particles beyond A, bv throwinir A 
into a polarized state again, but A itself, because of its 
charged slate, exerts a di-stinct inductive act towards these 
further particle.s, and the tetision is consc«pnmtly so ''much 
exalted between A and B, that discharge takes place tJiere 
also, as well as again between the metal .and .\. 

143.5. Iti addition to* this cfl’ect, it has been shown, that, 
the act of discharge haviiiff outre commenced, the whole oper- 
ation, like a ease of unstable e<jnilibrium, is hastened to a 
conclusion (1370. I4IH.), the, re.st of the act being fa<'ilitatcd 
in its occucronce, and other electricilv than that which causv'd 
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the first lUHU'ssary tei^sion hurryinf? to the spot. WIkmi, tiierc- 
fore, (lisruptise disehtirg^* has once coininoneejl at the root of 
a brush, the electric foree which has been accumulatiu;:» in tin* 
coniluctor attached to «dio rod, finds a more ready discliarj^e 
there than elsewhere, and will at onee follow the course 
marked out as it wore for it, thii5 Icaviutr the Conductor in a 
partially discharged stato, and tllO li\v about the end of the 
wire in a charged condition; and the time necessary for 'Res- 
toring the full charge of the \*onductor, and the dis])crsi<ni of 
the charged air in a greater or smaller di'gree, by tlu' joint 
forces of repulsion from tlu‘ eomliictor and aitrai'tion towards 
tli(’ walls of the nfom, t(» which its inductivi* action is dinn-ted 
is just that time \\hich forms the interval lietweeii brush and 
lirnsh (1420. 1127. 1431.) 

1430. The words of this descript itm are long, hut th(*re is 
nothing in tlu* act or the forceson which it dejxmds to prevent 
its beiiig 'utsttudaiicniis^ as far ns we can estimate ami mca- 
SJire it. 4'lie consid<u’ation of time is, however, important in 
s(?\(‘ral pinnts of \ievv (14b's.), and in n lercnce to disrnpti\’i* 
<lis(‘harge, it seemed from tiieory far more ]>rob;ible that it 
might be dctecteil in a brush than in a spark, for in a brush, 
the ])artii.4cs in the line through whii'h tiie discharge passes 
arc in very dillercnt states as to intensity, and the dis<‘harge 
is iilready complete in its act at tlx? root of the brn>h, before 
tlx^ ])arri< h?s at tlx* extremity of the ramilications have yet 
attained their maximum intensit\. 

1437. I consider brush discharge as, pn4)abl\, a successive 
olleet in this way. Discharge begins at the root ( I 12fi.j, and, 
extending itself in :*uccession to all pafts of the sinL’le brush, 
continues to go on at the root and th(* previously banned parts 
until^tho whole brush is complete ; tlxm, by the fall in inten- 
sity and ])o\ver at the conductor, it ceastvs at once in all parts, 
to b(? renewed, when that pow er has risen again tf> a sufii(‘ient 
d(*grt*e. l>ut in a spark, the particles in the line of dis<4»«arge 
being, from tlx; circumstances, nearly alike in their intensity 
of poIarizatiiK), sutler discharge so nearly at the same moment 
as to make the time cjuite insensible to us. 

143s. Mr. Wheatstone has already made experiments wlii(4i 
fully illustrate this^ point. He found that the brush gmxTally 
Jiad a sen}i>ible duration, but that with bis highest ( apahilifics 
lie could not detect any .such effect in the spark.^ I repc;ateci 
his experiment on the tfie brush, thoufrh with more imperfect 
means, lu ascertain whether 1 (*ould riistinguish a longer 
duration in the sroni or root of the brush than in the ex- 
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ironiitiosi, and tlu; appearances were ^ucli as to make me 
tliiuk an ell‘cf’t*ot‘ tins kind was producell. 

That the discharge breaks into several ramifications, 
aiul by them pass(?s tbrou»rb portioiys of air alike, *)r nearly 
alike, as to p<ibirization and the dejjrree of tension the particles 
there have* atajuin'd, is a very natnrtil result of the previous 
stale of thiiifis, and sooner to bo expected than that the tlis- 
should COliriimo to fro .straight out into space in a 
siniile line amongst thoscjjartich-s wliich, heiii" at a tlistance 
from the end of the rod, an.* in a lower state of tension than 
those which are near: and whilst we cannot hut e<»nclnde, 
that those parts where the hranehes of a sinyde; brush appear, 
are more favorably eirciiinst:mced fer dischar“;<* than tin* 
Vihu'ker parts !)etwecn the rauiifi<-ations, wc may also conclude, 
that in those parts whore the li^dit of epneotnitant dischartre 
is ecpial, there the eireumstanc(*s are nearly ecpial also. The 
sin^itle brushes an by no means of tlie same particular shape 
even wlien tliey are observed without dis])laeemcnt of the rod 
or smrouiulin;^ objects (1427. 14.33.), and the successive di.s- 
charp'es may he considered as taking ])lace into the mass 
of air aroutid, thremgh dilferent nuuls .at each brush, according 
as minute circumstances, as (ht.-t, &c. (13!.tl. 13!(2.) may 
have favored the cfuirse by one set of parbu les rather than 
anotlu'r. 

1440. Brusli iliscbarge does not essentially rcnpiirc any 

current «»f the tmnliuni in which the brush appears: the cur- 
rent alumst always occurs, but is a couse«juenec of tlie brush, 
and will he considennl , hereafter. On holding a Idunt point 
positively chargnal towards inilusulated Wijtcr. a star or glow- 
a[>pearod op the point^a eurront of air pas.'cd from it, .anti the 
surfata* of tin* water was di'presseil : hut on bringing the 
point so*near that sonorous hrusht*s passt'd, tlu'u the curn'iit 
of air instantlv ceased, anti the surface of the water bocann* 
level. ' 

1441. 'riie disebarge by a brush is not to all the ]):»rtich's 
of air that are near the electrified conductor froiu wliich the 
brush issues ; only those parts where the ramificafions pass 
are electrified: the air in the central dark p:irt.s between them 
receive.s no charge, and, in fact, at the time t»f discli.irge, has 
its electric and inductive tension considerably low'cred. I'm- 
consider fig. 14. to represent a single positive brush ; — the 
induction before the diaebarge is from the end of the rod out- 
wards, in diverging linos trtwjiuls the distant eondnefors, a.s 
the walls of the room, (fiC., and a particle at a has polarity of 
a certain degree of tension, ami tcmls with a certain fm-ce to 
become charged ; but at the moment of iliscbarge, the air in 



17G 


Dr. Faraday’s Researches in Electricity. 

the namifieations h ai^l rf, acquiring also a positive state, op- 
poses its iuflucufc to that of the positive conductor on «, and the 
tension of tlic particle at a is therefore diminished rather than 
increased. The charged particles at h and d are now induc- 
tive bodies, but their lines of inductive action are still outwards 
towards the walls of the room ; the direction of the polarity 
and the tendency of other particles to ehar<re front these, bciit" 

governed hy, or in conformity with, these lines of force* '<•' 

• 

1442. I'lie particles that are charged are probably very 
highly charged, but, the medium being a non-contluetor, they 
cannot communuyile that state to their neighbours. 'I’liey 
travel, therefore, under the influence of the repulsive attd 
attractive forces, from the charged cotiductor towards the 
nearest uninsulated conductor, or the nearest body in a. diuiii - 
ent state to themselves, just ;i.s charged particles of dust would 
travel, and are then discharged ; each particle acting, in it.s 
course, as a centre of inductive force upon any bodies near 
which it may come. 

144.3. The travelling of these charged particles when they are 
numerous, causes wind and currents, but these will come into 
consideration umlcr earryhiy dischnrye (131!).). When air is 
.-aid to be electrified, and it frequently a.ssume.s this state n(*ar 
c'lotrtrical machines, it consists, according to my view, of a 
mixture of clectrif.ed and iin-elcctritied particles, the latter 
being in very large proportion to the foriher. When we 
gather electricity from air hy a flame or by wires, it is 
either hy the actual di.s< charge of these, particles, (»r hy ciretds 
deitemleut on tho^ inductive action, a ca.se of cither kind 
being produceablc a [)leasure. 'J’liffi the law ^of e(|uality 
between the two forces or forms of force in intluctive action is 
as strictly pre.serve<l in these as in other <rase.s, is fuiiy shewn 
by the fact, formerly slated (1173. 1174.), that, however 
.strongly air in a Vessel might he chargcil positively, there was 
an exactly equal amount of negative fija-eo on the itiner stir- 
faec of the .vessel itself, for no residual portion of cither the 
one or the other electricity could he obtained. 

1444. I have nowhere said, nor does it follow, that the air 
i.H charged only wlmre the luminous brush appears. 'Fhe 
charging may extend beyond £ho.se parts which arc visible, i. c. 
particles to the right or left of the lines of light may receive 
deefrioity, the parts which are lumlndus being so only bcf^auso 
much electricity is pas.sing By tlicm to other parts ( 1 437.) ; 
ju8t 88 in a spark discharge the light is greater as more elec- 
tricity passes, though it has no neec8.sary relation to the 
quantity required to commence discharge (1370. 1420.). 
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llciu e lilt; t\)nn \vu stn* in a l>nish may l|y no mc'ans represent 
the whoh^ (jiianiity of air clectrilied ; tb| an invisible portion, 
clothing the \is4ldo Ibrni lo a certain depth, may, at the same 
time, receive its charge. . 

14'^;*). Sev(*ral etfeits which I have met with in muriatic 
acid gas letjd to niako me belie\e, that gaseous body a!!ow\s 
of a flark disclnirge. Ai the same time, it is (juite clear from 
♦^•;jM*oiy, that iti some gases, tlu^ rev<‘rse f)f tliis may ocenr, i. (‘. 
that*fhe i-harghig of the air may yot extiMul ('ven f.ir as the. 
light. We do )i(>t know* aft yet enongli of the (‘lectric light to 
h(» able to slate* on w bat it dejietnls, ami it is very jjussible 
tliat, w’ben e]('etrit*ity bursts forth into air, id! tlie partiele^ of 
which are in a sta(<! of tcnsi(«n, light »nay he evol\('d by such 
as, being very near to, are noL<4‘, those which aciually receive 
a'lhargi* at the lime. 

144(). 'I'he furthcT a brush extends in ?i gms, the furtlier no 
doubt is the eharge or iliscluirtrc cai rit*d forwartl; hut this 
mav ^arv hetweeu <lili‘erent gases, and yet tiie intensity ro- 
tjuired for the first moment of discharge not vary in the same, 
l)iit. in some other proj)()rtif>n. 4'hiis witli respect to nitrogen 
;uid mui iiitic acid gases, the former, as far as my experiments 
liav(* proceeded, produees far liner and larger brushes than 
the latter ( I4r)8. 1402.), hut the intensity required to com- 
mence disc harge is much higlu‘r for the latter than the former 
(Idlho.). Here again, lluTeforc*, as in many other«(piahties, 
specific* oiiVerenees are presemted by dilferent gaseons dic‘lec- 
tric.s, and so prove the special relation of the latter to the act 
and tin* ])henoinena of induction. 

1447. sum up these considcratioirs respecting the 
character and com'iiion^f the brush, I uuA state that it is a 
spark to air f a dilVusiouof electric force to nnitrt‘r, not by con- 
duction, l^ur disrupti\e ilischarge : a <liliUe spark whicli, pass- 
ing to very hatlly c onduding^ matter, frequently diseliargc’s 
but a small portion of the power stored up ift the conductor : 
fur as the air charged reacts on the conductor, wliilst tlie, con- 
ductor, by loss of ele<*tricity, sinks in its force, the discliarge 
cjuic'kly c eases, until by the dispersion of tin* charged air ami 
the renewal of the excited conditions of the conduelor. <‘ircum- 
stane.es have risen up to their first efiec*tivc condition, again to 
cause discliarge, and again to fall and rise, 

1448. 'I'he brush and spark gradually pass into one another. 

TMaking a small hall positive by a good electrical maciiine 
with a large* ]irime ('onduetov, and approaching a large 
uninsulated discharging hall towards it, vc'ry beautiful 
varHllons from tlie sjiark to llie l)^n^h may he ob- 
tained. 'rile drawings of long and powerful sparks, given by 
\^OL. — N*o. 27, Si'nt l84xK Z 
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VanMarum, * IIarris,t and others, also indu'ato the same 
phenomena. As far as I have observed, \vhi;ne\er (he spark 
has been brushy in an* of common pressures t*lic whole of the 
eleetrieitv has not been discharired, hut only portions of it, 
more or less acc(jr(IIni/ to elrelimstaiK'OS : whereas, wlumever 
the eiieet has beep a distinct spark throuirhout the wlnde of 
its coarse, the discharsr(» has been perlecM, provided no inter- 
ruption liaJ been made t(» it elsewhere, in the discharefue^ 
circuit, than where tlie spark oceurn'd. 

When an electrical bru^b from an inch to six indies 
in leni^^th or more is i-suini; into fn‘e air, it Inis the form !.riven, 
%. .3. But if the hand, a hall, or any knobbed conductor be 
brouirht near, the extrtnuities of the coruscation." turn towards 
it and each cUlier, and the whole a.-sunies various forms 
ac(*()rdiTii: to circumstancc.s, as in Id.-, h, d, and 7. riiv ’.u- 
tlucnce of the drcirmstances in eaeh case isea>ily traced, and 
I mi;.dit describe it here, hut that I should In* ashamed to oe- 
cupy tlie time of the Soeii'ty in tliiims ."O evident. But how 
lieautifully does the eurvaturo of the ramijicalions illustrate 
the curved form of the lines of iiiduetivc fon'C eKi.^liiii^ [ire- 
vious to the disehar^^u.* I for the fortner are eon.siapnnna's of 
the latter, and take their rours(‘, in each di.-char^e, wlu're 
the previous inductive tension had iieen rai.sed to the proper 
degree, 'lliey represent these curves just as wcdl as iron 
tilings repre>eut mignetie curves, the visihhi ( Ifects in iioth 
cases being liie consequences of the adawi of the forces in 
tff( places irhen: the ell’ccts a[»pear. 'I’he, phenomena, there- 
fore, constitute additional and powerful t(\Ntini;)uy (iLMd, 
12.30, j to that already gi\en in favor both of induction through 
dielectrics in curved lines (I2,3L), ai’il of t(ie lateral relation 
of these lines, by an clfeet equivalent ti> a n, pulsion j»ro- 
(linfing divergence, or, as in thi^ cases ligured, th'* bulging 
form. 

M50. In rehwenci! to the theory of molecular inductive 
action, I may also add here, tin* [iroofdedneihle from tin* long 
brushy ranjifying spark wliieh may la* obtained l)e*\vecn a 
small ball on the p(>sitivc conductor of an electrical machine, 
and a larger one at a distance (I44x.), What a tine illustra- 
tion that spark affonls of the previous comlition of all the 
particles of the dielectric hetwoen the surfaces of discliargc, 
and how unlike the appearancc.s arc to any which would b(* 
deduced from the theory whiidi asstpnes iiidm'tive action to bo 


OcMjriplinnof tlx* 'IVylrrian iimdiinr, Vdl. i. p]>. 1,8, .‘Pi, ; vol. ii. p. ‘2W. iVr' 
Philoanphical 'rrausn tioii'i, IKt t, p. •Jia. 
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action at a distance, in btrai^^ht lines |>nly ; and cl»ar^c, as 
Ixfing e]ectri(‘ity retained upon the suryice of conductors by 
the mere pressifre of tin; atinospher(‘ ! 


1451. WJion the brubh is obtainerl in rareiied air, tho ap- 

jK'arances vary ^'^reatJy, aceordinij^ to cireinnstances, and are 
cAc'cediniily beantihil. Sonieiiin<*s a brush may he formed of 
only*^’Vix t)r seven branches, tl)es(i beinij’ broad and hiirlily 
luminous, of a purple r oltjur, and in sonu? parts an incl) or 
more a])art : — l>y a spark discharire at lh(' prime conductor 
(1455.) siuiile brushes may l)fi obtained at jjh'asure. l)is- 
cliar^e in the form of a brnsli is favored by rarefaction of rlui 
au‘, in tin* same manner and for the sanu' n*asoii as discharire 
in die form of a >|)ark (1575. ) ; hnt in every ca-i' there is pre- 
\ions indiK'tion and eharye t hrouL'li tin* dfidectrit*, and polarity 
of its particles ( l-!57.)» tlie indncthjii i}einy, as in any other 
i!istan<;e, alternately raised hy tlie mai'liine and louan-ed hy tluj 
diM*har‘>e. In (‘ertaiii exjieriimmts the rarefaetioii vvas in- 
cn‘ased to the utmost tleyrei, and the ojeposed condui'tinLr 
*^urfaees hrouirlit as near loeelhcr as jKi-^sihliMvitliout. pr^nlue- 
iiii: tlu^ ^K'vv ; tlie bnc'hes then eoiitraeled in their lateral 
dinnmsions, and reeurianl so raipidly as to form an apparently 
('ontiimous are of liLt’lit from metal to nn't;’!. Still the dis- 
charge could h(' o!)served tt> inlmanit ( 1 427.k so^that even 
under thesis cemditions. induction ]neeeded each siimh* 

hru'ih. ami the t(*iise pf)larizc(l (‘ondition of the (‘ontip*iu>u> 
partich's was a lu'ccssary preparati^m for l!n' di.-eliarua* itselt’. 

1452. 'The brush Ibrm of tlisruptivi* di-eharLre ntay he o!)- 

lalned nr>t. only ii. air «rfunl itases, hut al^o in inueh den-er 
media. I ji^oeured it in oil <>f nirjnmtiiie from the eiid of a 
wire ihrouLdi a erhe-s luht' into the iluid cr>utained tn a 

metal vessel. 'i4ie hru>h wa-.-mall and verv dillieuit to obrain; 
the ramitiea.ti»ms were simple, and strcMchj»d out from i*av li 
other <liv(*r^»^inii: v<M y nmeh. 'I'he liuht was exeeedinidy fei'hle, 
a perfectly dark room !)t?in:^ reijuiri'd for its <^bservarit>n. 
When a few s(did jiarlicles, as of dust or silk, were in the 
liquid, the hruslt was prodiie<*d with nmeli greater faeilitv . 

1455. 'I’he running together or coalescence of ditVerent lines 
of discharge (1412.) is very beautifully shewn in tlie brush in 
air. 'riiis point may jiresent a little dillienltv to those w’no 
are not accustomed to see in every discharge an equal exertion 
ot power in opposite direeti»nis,^a pjisitive brush being con- 
sidered hy such (jierhaps in conseqnenet' of the eomnum 
phrase q/b/. ra/vv’//^) as iiulieating a breaking torlli 

hi tUilerent directions of the oriirinal force, rather than a 
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tendency to conver^.Mice and union in one lino o( [)assa;.^r. 
But the ordinary eajpe of tiie hnish may be (^ompared, for it^ 
illustration, with that in wiiieh, by holdiiiir tl*e knuckle o]>po- 
site to highly excited glass, a (lischarge ocaairs, the ramitic-a- 
tions of a brush then leading from the glass and converging 
into a spark on tlte knuckle, Thongl) a <lidiculi;(*xperiment 
to make, it is possible to obtain discharge between highly 
exeited shell-lac and the t'xcited glass of a machine : when 
the diseharge passes, it is, from the nature of the (‘l<TrgnM!. 
bodies, brush at each end and spark in the middle, Ix'antifully 
illustrating that tendency of discharge 1<» facilitale like action, 
which, I have descrioed in a former j)age ( \ \ 

1454, 'I'he brush has speeijir vhararirrs in (bilenMit gases, 
indicating a relation to the ])arli(4('s of these hodi(‘s eN(*n in a 
stronger degree than the spark ( I F22, 1 42:k), This 

in strong contrast vMh the non-variation < ans<M! by the use of 
dilberent substances as rondui tors from wfiii h the bnislu's are 
to originate, dims, using such bo(li('< as woo<i, card, char- 
coal, nitre, (‘itric acid, oxalit* acid, <i\id<' of l<‘ad. chloride of 
lead, (airbonate of potassa, [»ota>sa fii.-o, strong solution of 
potash, oil of vitriol, sulphur, sulphnret <'r antimony, and 
li.'eniatite, no variation in tlu* (diaiacter of tin' brushes was 
obtained, except that (dcjicinbrnt upon their ctfect as luster 
or worse conductfirs) of causing discharge with mon'or less 
readiness ^and ([uickne?^ fnnu the machine.* 

1455. The tollov>ing arc a few of the cllects I f)hsorved in 

different gases at the posit ivclv <*hargcd surfaces, and with 
atmospheres varying in their pressun^. d'he gcnrral i-IIivt of 
rarefaction was t!ie same for all the* gases : at sparks 

passed. ; these gradnally were con\c;ted into hnisin's, which 
i)ecaTnt‘ larger and more distinct in their ramiticir. ions, muil, 
upmi further rarefaction, the latter began to colhipse and 
draw in upon each other, till theyfornu'da stnuim across from 
conductor to cowduetor : then a f(‘w lateral stream.^ shot 
out towards tlic glass of the vessel from the conductors ; 
these became thick, flo.ssy, and soft in appearance, and 
were succeeded by tin* full constant glow which covenni 
the discharging wire. The jihenornena varied with the size 
of the vcss(d (1477.), the degree of rand’action, and the <lis- 
charge of electricity from tln^ machine. When the latter was 
in successive sjiarks, they were most beautiful, tin* effect of a 
spark from a small machine being erjpal to, and often surpass- 


* rvf/;ptinn must, of insi'lft of 11, (rn* rrtvrs wlj» r#’ thr root of ll»c 

l»r 11 *^ 1 ), bcroniii>f3r m ? p;irl%, r:nj' rs a littb* flitlu'^ion nr rvfii «b rf>iii|iMMti«.n nf 
tbt* matter Ibert-, a nt sn ir:*iris nior*' nr l**^s of n partiruhr mlour :\{ tlul 
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h\j^ lh;it ])r<)(liiccd by t!u3 cnnsinnt ol* a far nior^' 

jKfwrriul one. ^ 

.Hr. --ViiMj pnsitivo hni.dics nr<^ ('a.sily f)l)tainr(l in 
.lir at cotniaon j)iH*s^ma*.s, and thn wrll-knowii pnr- 

|ilisli liijbt. W’lu'U llin air is rarnfindJ tin* ra’nilications arn 
Mny Iniifr, lUliny tin* (1}77.,U th(' liijit is prt^atly in- 

rri‘asr'<l, anclis oi* a brant iftil purj)b' colour, witli an occasitnial 
.ro><* tint in it. 

1 i:r7. Oxf/yrrt, At connncni nn'ssurc^ tin' l)rnsb is v('rv 
close ;nid conii>rcs>cti, atid ^>1’ a dull wliili^h colour soincwbaV 
]inrjdi.-li, Init all the eb.iractcrs vt'i v poor compared to those 
in air. 

l ibs. X/lrof/.'/f ‘’ivc- l»ni>bcs v. iib yreat faciiitx at tin' 
p.c,>iii\a^ surface, far beyonti an} otlaer i:a> f have tried: tlu'v 
ar * •dniosl al\\avs liiu* in form, iiylit, and colour, and in rare- 
llevd nltr(»e'eii art‘ mayubieeiit* 1 bey ^u]•]fa>‘^ the di.-cliaryes 
in anv otluu’ l’iis to the ijuanrily of lieb*. (.‘\ol\ed. 

I lbib llf/drof/rit. n\ eonnnon jjies-iires, uav e a b(*tier bru-b 
than owTiim, but did mn (apial nitroiiim : tlie colour was 
ereeni>li i^rc} . In rarefn^d li\droyen. the ramiiieatioTis were 
\ery liin? in form and (ii'-e, inet lies-, biit j>.ile in colour, with a 
.-.oft and v<dv(My appearancin and not at all e(i;i:]l to these in 
i/uroLom. In tiie r.-irest state of tin* eas, tlu' ladonr (*f Uie 
liubt was a paK' ur<‘} ^uret'u. 

I bio. ( i/its, ^ rii(‘ brn>hes v, eri' rather diiiien]i to pr^.) * 
diK'iu lh(‘ r'oulrast with nitroynni beine' Loeal in tiiis re.*>]ie(;;* 
I'ln \ were slmvt and strunir, mmerally of a ureenisb coloe.r, 
and j»o>>e>sine: inu(‘b of the >}».irlv t haracier : for. (ua-urvine’ 

• •n Ijotii llu' posiri\o aifd n<'rrali\(' terminations. t)nen when 
ilicrc' w a> a dark inU'r\ of some lenutli 4)etween the twu) 
briJsltes, .'-tiU the <|nick, sharp s»ound of the sj);irk was pro- 
duced, as^if the dii.-eliarye liad been sudden liirouelt this yns, 
and parlakinL^ in that n*^peet, of the ebaraeter of a s[Kirk, 
In raia^ eoal izas, tlie forms were better, byt the bydn vers 
potu’ and the i fdour yre\. 

1 Oil. (.\irlt(inir (irtd ytis prodiu'cs a \ ery jioor l)rush at 
i onniion jn es.sures, as la'^ards idllior si/e, iiijht, or eolour : 
and this is probably eonneetml with the tendency wliieb this 
*;:as has to diseliar;Z<- the oleelrieity as a spark (1422.). 
In rar(dl(Ml earbonie aeid» the brush is better in form, bur 
weak as to lifjfbt, In^miz dull izreenisb or purplish Inn', 

varying w ith the prtvssure and other < iia umstanees. 

14()2. Mnriatir acid (fas. \s w^YX dillieult to obtain tiu' 
brush in this gas at itoinnioii pressures. On gradually in- 
creasing the distance of the rounded etuis, the sparks sud- 
yh'niy eoa;'C<I when the interval was about an inch, and tlie 
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discharge, whicli was still through the gas in the glob(‘, was 
silent and dark, yccasionally a very shorjL bruah c«)uid for 
a few moments be obtained, but it quickly disapju'ared again. 
Even when the intermitting spark current (1455.) from the 
machine was used, -still I coidd oJily willi dillicully obtain a 
brush, and that very short, though I used rods ivith roumled 
terminations (about 0*25 of an inch in tliameier) which hail 
before given the»u most freely in air and nitrogen. During 
the time of this difficulty with the muriatic gas, niagfiTliceut 
bruslies were passing off Irom difft'ient parts of tlie machine' 
ijito the surrouudiug air. On rarefying the gas, tin* forma- 
tion of the l)rus|i was faialitalc'd, hut it was generally of a low 
squat form, very j)oor in light, an<l very similar on both tin* 
positive and negative surfaces. On rarefying the gas still 
more, a few large ramifications were; obtained of a pale IHiii -h 
colour, utterly uulf'ko those in ujfrog(*u. 

I4fi3. In all the gases, the different forms of disruptive 
discharge may be linked togc'thor and gradiuilly traced from 
one extreme to the other, i. e. from the spark t(» the glow 
(1405.), or, it may be, to a still further condition to he called 
<lark discharge ; but it is, nevertheless, very surprising to sec 
what a .specific character each keeps whilst under tin; pro- 
domincncc of tlie general law, '1 lins, in muriatic acid, the 
brush is very diificnlt to obtain, and tlu’re comes in its place 
almost q. dark dis(4iargc, pariaking of the rc'adiness of the 
spark action. Moreover, in muriatic ac'id, I liavc iKfver ob- 
served the spark with any dark int.ervai in it. In ijitrogen, 
the spark readily changes its character into that of hrti.sh. 
In <*arbonIc acid gas, there seems to be a facility ro occasion 
spark di.scharge, Hvhilst yet that gave is unlike nitrogen in the 
facility of the latter to form brushes, and unlikc'miirialic acid 
in‘ifs own facility to coutirme tlie sjiark. 'riiese differences 
add further for(;e, first to the ohsei vations already niadi' re- 
specting the spark in various gases (1422. 1423.), and then, 
to the jiroofs deducihle from it, of the relation of the elcctri- 
(‘al forces to the particles of naatter. 

14fi4. d'he pecidiar characters of nitrogen in relation to 
the electric discharge (1422. 1458.) must, evidently, have 
an important influence over tlie form and even the occurrence 
of lightning. Being that gas w'hich most readily jirodnces 
coruscations, and, by them, extends ilischargo to a greater 
distance than any other gas tried, it is also that which (;on- 
stitutes four fifths of our atqiosphcrc ; and as, in atmospheric 
elctffrical phenomena, one, and sometimes both the indnctii o 
forces arc resident on the partif Ics of the air, which, tliongli 
probably affected as to oomlucting pow<*r l»y the aqneon.*; 
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particles In it, <‘anu()t be consulored as a|fTood conductor so, 
the peculiar powgr possessed by iiitro<^<5n, to originate and 
eflect (lis('liarge «in the form of a brush hv of ramifications, 
has, probably, an important relation to its electrical service in 
nature, as it most seriously allccts the character aiitl condition 
of the disch.vge when mad(^ 'Fhe whole subject of discharge 
from and through gast's is a most important one to science, 
and, if only in referenee to atmospheric olcclrieity, deserves 
('\tensive and close experimental investigation. 

• 

Dijli reiicc of discharye (ft the positive and myaticr. 
con dacti ny surfaces. 

1 I bo. 1 have avoi(l(‘d sp(‘a];Ing of this wclJ-known plumo- 
menon more tiian was (juite neces.sary, lliat I might bring 
fugetlicr lieri' what I liavi’ f{» say on tin.; i^ibject. hen the 
brush discharge is observed hi air at the po.^itivi? and Jiegative 
surfaces, there is a very striking dili’ercncc, the true and full 
coinpr(?hensioii of which would, no doiil)!, be of llui utmost 
impovtaiK'e to the ])hysics of electricity ; it would throw great 
light on our present siil)jcct, i c. tlie inolc(‘ular action of die- 
lectrics uinlor induelion, and its conse([uences, and seems 
very opcm to, and a('cessible by, experimental iiKiuiry. 

I b)(3. d'lie (lilVerence. in »|uostion used to be expre‘ssed in 
forivuM* limes by saying, that a point charged positively gave 
brushes into the air, whilst the same ])oint charged nt\gativelv 
ga\(‘ a star. 'I'liis is true only of bad I'oiuluctors, or of 
metallic eoiidnetors charged iiilennittingly, or otherwise con- 
trolled by collateral induction. If metallic ])oints project 
freely into tin* air, the po^sitive and negative light upon them 
ilin'er very liU-le in Jijipearance, and the ilitVereiiee can be ob- 
scrv(?d only upon close examination. . 

14ti7. Tlie ellei't v aries exceedingly under dilTerent circum- 
stances, but, as we must set out iVoni soine position, may 
perhaps be stated thus: if a metallic wire witli a rounded 
termination in free air lie used to produce the brushy dis- 
charge, tlien the brushes obtained when the wire is chargeil 
negatively arc very jioor and small, by comparison with those 
produced when the c*barge is positive. Or if a large metal 
ball eonne(JtiMl with the ele(drieal machine be charged post- 
iiveli/y and a tine uninsulated point be gradually brought to- 
wards it, a star ap[)ears on the point when at a eonsidorable 
distance, which though it becpiues brighter, docs not cluingo 
its form of a star until it is dost up to tlie ball : whereas, if 
the ball he charged negatively, the point at a considerable dis- 
tance has a star on it as before ; hut when brought nearer, 
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(in my case to tiu' |distaii(‘o of l i iiurh,) a hru.sh formod oti 
it, extending to the negative ball ; and when still nearer, 
(at ^ of an ineh disTauec,) the brush ceased, »in<l bright sj)arl\s 
passed. 'I'lu'se variations, 1 believe, iiielude the w hole series 
of difiereiices, and tliry seem to shew at once, that thenegalive 
surface tends to retain its discharging chaiwter- unchanged, 
whilst the positive surface, under similar circinnstaiiccs, per- 
mits of gi v-at variation. 

1468 . 'I'lim-e are several points in the. character the; 
negatix e discharge to air wtiieh it is important to obserxe. A 
metal rod, O-M of an inch in diameter, with a rounded (Uid 
j)rojecting iiito ^he air, xvas chai’ged m’gativcly, and gave a 
short noi.-^y hrush (fig. 8.). It xvas ascertained both by sight 
(14*17. 14.‘13.) and sound (I4.‘51.), that, the succetsive dis- 
charges xviM'e very rapid in their rccurrc'uce, being seven or 
eight times more irtunenxus in the same pc'riod, than thf)se 
produced when the rod xvas charged posifivt'ly to an ctpial 
tlegree. When the rtnl xvas positivi*, it xvas ea.^y, by xvorking 
the machine a little (piicker, to rx'place the brusli Ixy a gloxv 
( 1405 . 1403 .), but when it xvas imgative no eilbrts coidd pro- 
xluce this change. Fven by bringing the hand o[)posite the 
xvire, tlu; oidy cHect xvas to increase the number of brush dis- 
charges in a given pcviotl, raising at tlie same time the sound 
to a higher pitch, 

1400. point opposite the negatix’o brush exhibited a star, 
and as it was approximated causeti the size and sountl of the 
negative brusdi to diminish, and, at last, to cense, leaving the 
negative end silent ami ilark, yt‘t ellective as to discharge. 

1470. When the round end of a smaller xvire (lig. !>.) xvas 
advanced to xvurda the negative brinj*, it (becoming positive 
by induction) exhibited the <juiet glow at H in(*lies ilistance, 
the negative brush continuing. When nearer, tin; pitch of 
the sound of the negative brush ro.se, indicating (piicker iuter- 
mittenccs (1431*); still nearer, the jiositive end throxv off 
ramifications and distinct brushes ; at the same time, the nega- 
tive brushy contracted in its lateral directions and collected 
together, giving a peculiar narrow longish brush, in shap(; 
like a hair pencil, the txxo brushes existing at once, but very 
different in their form and appearance, and especially in the 
more rapid recurrence of the negative discharges than of the 
positive. On using a smaller jiositive xvire for the same ex- 
periment, the gloxv first ajijicared oji it, and then the brush, 
the negative brush being affected at the same time ; and the 
two at one distance became exceedingly alike in ajiiiearunce, 
and the sounds, 1 thought, w’cre in unison ; at all iivents they 
were in harmony, so that the intermissions of discharge were 
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citing- isochronous, or a siiuplo ratio e^stod l)ctv;con the in- 
tervals. With rfi higher action of tlic niachiiu', t!ui wires ht^lng 
retained nllalt(^fcd, the ncirative suii’ace would hec.ouu; dark 
and silent, and a alow aj)p(\ir on the^ positive one. A still 
lu,alun* action chan/.p*d the latler iutoa^park. Fin(‘r ])o.siti\e 
wire's aavevother variations of these elieets,. which I iiiiist not 
allow luyself to e;o into here. 

1 171. V thiuiu'r rod was uov/ connected with tin* ucLMtive 
(‘oudiictor ill ])Iar(' of the laryi-r outj ( 1 HiS.), its termination 
hi'iiie uradnaily diinini.'thiMl. to ahfnnt point, as in lie;. 10 , ; and 
it was heautifni to ohsc'rvc' that, notwitii^t.-indiny; the variatiiO!i 
of tin.^ hrnsli, tiie same ii^eneral order of e!iecjs was prodnct'd. 
Tile (Mid eave a small stinorous neeatlvt' hrush, which the 
approach of the hand or of a lanri' (*ond:ict iie^ surface (hd not 
alter, until it was so near as to prodiu'e a spark. A iiiio 
point, onpo-iti', to it was himinons at a dMa’icc' ; !)eln!:r nearer 
it (lid not dv'stroy tlu' li;.r!it and sound of tin; n(’‘! 4 alive. hriish, 
L«iit on!v t‘Mi(h‘d to have a hm.-h prodiK'cd on itxdf, which, at 
a stilt ne;irer distanci', pas.sed intv> a spark joliii!!;' tin; two 
surface's. 

147-- When the distinct negative and positive bru>hes arc 
produced sirnnltanetnisly in relation to eai h other in air, the 
former almost always has a contracted Idrm, as in ti!:»-. ll., 
MM-y much indeed reseinhlinu* the iiLiure which the positive 
hrnsli itself lias whi'U inlliu'iH'ed hv tiu' lateral vieiniiy of posi- 
tive parts actiim hy iiKheaion. 'Thus a hrush issniti”; from a 
point in t!u; rc'-enterini.^ aiiule of a. j)ositive conductor has the 
sann' ('onij.iroased form (fin’. 12.). 

1 17d. 'Fhe character "of tiie iienative hrush is not aiTected 
1)V the chemical natiir^'^of the snhstaiice^* of the condiietors 
( Mo4.), hnf only hv tlieir possession of t!u* ('Oiulnv tin‘r power 
in a nre:*t<'r or sm.ilu'i* decree. * 

M71. Kaudaellon of eonnnoii air ahont a. negative hall or 
hlnnt point fai'iUtiited the development of \\w neyalive hru>h, 
|1 j(' elleet Ix'in.n, I think, greater than on a jio^itivc' hrii^'h, 
though ^;n'at on hotli. !v\tensive ramilicallons c‘f)iild he 
obtained from a hall or end eleelriiied nenatiNely to the plate 
of the air-pump on which the jar coutainiui; it stood. 

inh. Avery importaiil variation of the relative forms and 
conditions of the positive and nei^ative brush takes plua* on 
varyiiii!^ the dieleetrii; iu which tlu'y are produci'd. 'FIk' 
diireia'iKm is so v('ry ^roii^ th.at it points to a specific n'latloii 
of this form of diseliar^e to Uie particular iras iu wlfu'li it takt'> 
l)lac.e, and oppos<'s tin' Idea that na-c's are hut oh triic!i«>ns tv) 
the (hsefnavir(*, acting o!ie like aindher and merely in pi\>por- 
tion to their pressuu; (lh77). 

VoL. V._No. 27, Srpti’fhOcr, IS'iO. 2 A 
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1470. In r //>5 fnpcrioriiy of the positive brush is w» ll 
known ( I b>7. 1172.). In nifro'/vH^ it is great or even 
greater tban i’i ■•'!:• In hifdro'icn^ tliJ‘ po^itivt* briisii 

lose-' :\ ‘of i;- s; |;r^*lf‘rity, not Ix/ing so good as in nitr«>g(Mi 
or ail'; wljil-t (ire ifeir:dlvo brush (lo(*s not seem iupired 
(M.M).). l’» (• //, tht? ]aisiti\e briudi is eom^ceHsed and 

]»oov ( 1 ioT. ) ; V‘ hii-'t tli<‘ negativ(‘ did not. sink in eiiaraetev: 
li>e tno ^^■o;e eJike tiird. the. (‘vi' iVininently eonld n()t. tell 
the om* iV.- ei tl:e (silu r, an^l this sinniarily eoulinued-'when 
llio (rvVL.'^ ii vv::s i-ra-'lnally rarefie<i. in f '-al the bnisiies 

ar(‘ diihr. -It fU‘ production as eonrpavetl to nitrogen (I4(i0.), 
and il-v‘ p<-:5!ti\t4 not, tmudi MOjXM'iijr to tli.‘ negative in its 
eharaeler, e-i'.her at (‘onnnon ov lo.v pressures. In 
acid fjftn, tiiis approximation of eharaetm* also oteurrod. In 
vinriffiii- acid i/as tlio })osilivc‘ la-ash was very little lad.ter 
than the negathe, ?md both dltlleidt to ])roiUu'e (14()2.) as 
compared with the duality in nirrogen or air. 

1477. d’iu'se ex]HMiinents v;ere nrade ulth nsds of brass 
about ii (piarter (d* an iiu h thick having rounded ends, the 
being opposed in a glass glolx^ 7 iriclie.s in diameter, 
ccrntainiog the. gas to he. experimented with, d'lu^ electric 
maeViine \\as nsi'd to (‘(anmnnicate directly, Munetimes the 
po.dtlve, and sujnetimes the neuasive, state, to iiui rod in crni- 
nexion witli It. 

1471'^. M bus we see that, in-t'A ith.^tamVnig llan'o is a general 
dilicrence in favor of the. superiority of the pe,sitiv(' l)rnsh 
over the negali' c, that difference is at its maxnvwnn in nitro- 
gen and air; wlnlst in eavbortic acid, mnvialle. acid, coal gas, 
mid oxygen it diminishes, and at last heeoriu.\s almost notbng . 
So that in thi.s pa. dietdar effect, as i;4,all oiIkts yet exainimMl, 
the evidence* is in favor of that view nhic'h refers the results 
to ii direct relation of the electric Ibrees wijii the molecules 
of the matter concerned in the action (I 121. 1428. 1408.). 
.Even when special phcuoiiiena arise under tlie opiiraliou of 
the general law, the theory adopted scetns fully competent 
to meet the case. 

1479. Jiefore f jwocoed furtlier in tracing the jirobablo 
cause of the diiiVrencti lietween llic ])os:itive and negatives brush 
discharge, I wish to know the residts of a few experiments 
which are in cour.- e of preparation : and tliinking this Series 
of Ilcsearcluxs long cnmigli, 1 shall hero close it with the ex- 
pectation of being able in a few weeks to renew' the iinjuiry, 
and entirely redeem rny pledge ^180f>,). 

ttov.*! Tnstifutioii, f'X t*. XMirl, IS.')?. 
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X XIV. — On lUcctro-Mur/nclic Forces. J. P.Jouli:, Ksq. 

In n’siniiiiiu' tile relation of my i'esearelic?, 1 .sliall dis- 
miss for the preseni tli(* iiivestijjatioii of elect ro-ina;»netie forces 
as ajjplied to the movenieiit of machines, and consider tlio laws 
wliii'li e:overn lh:il jx'culiar ct)ndi(i<.ui which is assuiinnl on the 
cnm|)lcrion of the ferrneino^is circuit — the or su^iall^nlg 

po\v('r •)!' tin* clcctro-maijivct. « 

;)l), Altln»u:;li this v (mdM-fid prop(Tiy is kno wn to rll, and 
a v;iriety of forms has been •.'iv(ai to tlie cleclro-rnamiet both 
as re^'ards tin* bulk and shaj;e of it-j iron* and tie' lenuth 
ain! niuiiber of its maenetizin/ spirals. 1 ;nn not Jiware Ihat 
any general rnk‘s hav<‘ bc('!i laid down for its ma.nnfactnre, 

wlii( i) is a <-!i\minst;inet' the ntore to l)e^reerelted, ns it lias 
led some to iniaiiine that tbv* diilerent cr.pabLliries of \arioiis 
arraiijc'ineius, are the coij-eqiiciita' <.f i-anses too ina.ny and 
too recondite, to lie iiuia.vclled, 1 sliai) a(t(’rn:>t in tins [)aper 
to tiiruw some lielil upon iliis sn!*jccl, and slrdl der.'C'ribc' a 
{‘(jiislriictloa e.ttemc'd ])y far ercater results than hare liitherto 
bec'n prodn(*,ed. -If was my (u>Lr«' to nnike le.v (.i.\])er.inu'ms 
a.' exact as p(i>-ilji<‘, and. as I wish tln^ ri'laiiou r'\ tijcin to be 
clear ami dieilnlte, I shall iieein with some on.-a vat lon.s o!i 
the measure, of cnneiit eleetri^'ity iu(li('a‘<‘d, by tlie yalvaiie- 
nn’ter, an instrument not only U'-efiil l>ut. alv-iiie*!;* 'v-.N v.'nti:il 
in an iiu|ui’iy of tiiis nature. 

dl. d’lie pre.Jl (iiiru'uity, if not ilie r.bsoiute impo--r.:l!!t\ , 
of nnderstaaidinLt; expel i me ills Man as l!iv\o' aiul uempariim^ 
liiem with one* anotlu'r, ari-es in eern'ral from incoinphne dis- 
crij)tions of a])})aratns, a ♦] in p irticidar i?om ilic arbitrarv 
and vai^iu' jitnnbei ^ which arc* {'-asi In ('liaraeteri/in*^- elecrric 
curnmts.* Such a ])raclice be tolcnitcd in the inraiuw 

of ibi^ science', imt in ils pre.sent slr.le of iidvanciummi aiasiter 
prei'ision and j'.nipriely are iinpera,tively dcilnnuled. I 
tiu’ri'fore (h'termincd for my own jaat to abandon mv nUl 
qiiantily numbers and to express my results on tlie basis ( i 
an ?fnU wbicb shall at otua' s-ecraiile and conN enient. 

d*i. That proposed by J)r. Faraday is, f believe, tiie e'uh' 
standard of lliis kind that lias been suugc'^ted. His discover', 
of the di'ihiite quantity of eU'ctricity assixoated w lib the ;noe..s 
or chmnical (^(plivalents of bodies, has induced him to n<e (lie 
volfatnrfir as a ineasnr('i> and to jrroposc tliat the Innidredfb 
])art ofa cui)i(' inch of tlie ini\etl^]U"ases slnudd tlie 

dtajree* 'There can be no doubt I bat this sy iem eiA i s 
superior advantages to the exporinicnlcr in some eireumstaiieo. 

Ucscarolic?*, StTirs vii. [7M ). 
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and when tho aliovc Instrument is einjiloyeil. How ever, as I 
am not aware that y: has been used in the iv^emelu's oT any 
cleetrieian, not exee|>tinp' thos(' of j’armiay lVne..-ell‘, 1 !ia\o 
not hesitated to inKaiu'e wljat I think to hi^ more aj>}>io]/riate 
as ^vell as more generally advautaet'OJis. It is thus simply 
stated. 

1. -7 (Icarce /^static (kcfririfi/ ^'v iltat (fiKnitihi whteJi 
isjust (io!e to d( nnnposc nitiv (jrniiis nf tralrr. '1. (fi'(frvr 
ofcwxYVWi. i‘l(Tlrinl*f is ihe^sftwe amoiutl d (lNr})iy 

each hour of i'uiie ; and Ih here both time and lenyth of 
coiuluetor arc elements, as in elecrro-dynauiit's, a (Icffnc of 
electric force, electro-moment nm, is indnalcd Lftf I hat 

same (juanfU y (a deyn c of stalie r lerh'icifi/^ ) propfujatal 
ihrniajh the space of one fool iti one hour of iiuu . W !i(‘ne \ or 
in future I speak oi deyrns^ 1 shall intend tlu;so which I h.Tvt* 
jnst defined. 

?)A, As 9 is the atomic* weight; of w.iter it is o'nvions Imw 
greatly rnv dtyree A\ill facililale tin* I'alr-idation of electia?- 
eherriical decompositions. I may in this [dace addmee, an 
illustration from e!ectnMy))e enyraviny : In’ie, if a ealvano- 
meter graduated .'iccording to my s('ale wc'ia* includiMi ip, t}u‘ 
eirenit, it would only he necc'ssavy to m;d[i]>!y ilie degree - 
(33,2) (»f its indication by d'J, the eijidvaleiit of t'oj'por, amd 
this again !)y the lime in Lours during which the work In-e. 
been carried on, to obtain tin,* weight of < (>]i])cr in grains 
which has Ixam [.r(‘cipitated, and there* wonhl Unux idrt* he no 
occasion whatever to di^Tnih the anangf inent until i aleul.i- 
tion havl .'•hewn that the |)ropor ciiiantilv of c(;))]:er was cast. 
]'\)r instance', in an expeuiment of mv own, 1 causi‘d twxi 
electrodes c-f eo^ijyer terminate. In^^i solution (d* tho snij’liatc* 
slightly ac'idulated by sulpliui ic acid. M In* n('gatr\e elcrtixidig 
uj)on whic'h of ecmr-c* tlie ce;pp(*r was dejnc'-ited, <‘(m>i.-^t.cd of 
a disc an inch and a half in diamet(*r : the pc^sitivi*, ol a, small 
coil of wire. A< current of tlie mean (juantity .110 was llu’ii 
passed through the apj)aralus for (mo hour and a (piarter ; 
hence, ace/naiing to tlu? rule, ••! lo X:i2 X [•2r>:=:lh ti gr. tin? 
weigdit of copp(T which should ilivondiralhj lx* d<'posit'‘d. 
Idle m//(juantity, wa*ll wa.shed and dried, was Ifeh gr. 'I’ho 
deficiency of ouc grain wws tln^ e\id('nt eonsixpumce of tlxj 
consumption of a part <»f tin; ('lecirieity in the d(*cftmposition 
of water ^ whic'h was plainly indicated by a slight, evolution of 
hydrogen at tho negative ])ole. 

35. Tlu^ gal^ anometer of Yhieh I tnadi* us(^ in the last series 
of experirneiils’" (14,) was connected with an ajiparatus fur- 
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nirth(;<l with very fiiio jilaiimun wires. Volt iuc, ciivronts of a 
variiM y of rintcii.sit ios were' tlioo ooiidiict eel through both 
ifisti innonis at ftiiro, ao.'l at tlio toul of* oiio, two, or thre.o 
oiioiitos tlio ( irouit I)rok(‘n, and tlio liy<lr(\L’<ni inoa^urial 
in a /jradnatt'd ‘das.s tidx*. 'J in; menu of ton trials, noiio 
of wliicli djli'orv'd inaltn'ially fnon tbo added to ludf it.-i 

bulk of 0\VI.!(*n, tlnni eurreeted for teoija.'raluro, l)ai«>iootvi(‘;d 
])resMn*o ainl lV)rc<» of vaj)oni\ and rc'‘iiie(_Ml to v.eiebt, eav(.* 
‘7b or. (»f water deeonqio.'^j.'d 'ni one hour by eleelrieilv indi- 
eat(Ml by unit of my. ft)rmer ([lonitity nninl)(n’.> ; hence 

1 1*8 of tln‘'’>e last i.s etjiial to one r of mv jH'(‘S(*nt 

scale.- d'l:e diitunasions of the siiiiiie ( nil <d* the a’ooM^ ealvano- 
meter aia* inclie-^ h\ ti, and tin* (h'viation of iis necdh' for 
• me (.‘J!},-) is 1 of tin* iMadnated (*ard. i’rniii llii‘s(» 

data it is ea>\' to (‘ah'nlate wiih con‘-';dcrahh‘ accuiiU'v ttui 
valiM» of iIh' indi(*:ilio]]s aji\ .‘-;:ndar ii,*d rnineiit, heariinj in 
ninid that tli<» elect r<.)~d\ iiamic. force |)rod»i(*ed hv a (on^taut 
jjuaniity of cdt'ctrit'ily i ;dire(*t:y a- tlu^ iiinnl;c*r of coils and 
in\('rseiv as tiaar linear di'.iam aof^ 

Ud. dTa^ ([iiaiuities of c!eclri(*ity wliicli were bio!!;.:}]! Into 
])!av ill tile subse<(iu'nt c'Xperiment.'-’, wina^ freapicntiy ^o ifr'.at 
that the ncaalh* of my Ivaiionuder (14) was bronylif to an 
almost ri'clanuular jiosilion wlieii .subjort to their inlbienei', 
1 bane, t lierchn'c, cU'viM'd a new meatman*, wl'.ich 1 tlattor 
mvs{‘ir will prove of erLaUn' s(‘vvici‘ in some cases than the 
arranii;eanml pro[)os(al for the same purpose by Mr. Iromon- 
ei*!*.'' I ’ie:. 1, plate 4, is tlu‘ plan of mv instrument : e, e, i.sa roil 
of coppm* bent and fastemed tirmly t<-> a. stroiiii wooden frame: 
:v/, is a mai:ii(4i/ed ( vlindrica! barof ste(4, one* foot loni*', and 
lialfanineli in diametei*, siipportisd sli,i:bll\ ^diovo tin* ec'ntre of 
iira\ity, (li’«c ibv' ordinary balance beam,) by knife-ialLiesrest- 
inii,- on bijrd concave '-nria('<\s of st(*i’l ; a scale .v, is attacluul to 
t}»e neari'T end of tla^ maean*!, for tin* purpose of ref oiNin^’ 
the wa'i^dits by wliicIi the inti*nsity of eleclijcitv is niea.-nri*ii. 
J-astly, /*, y, is a rest, the under surfaee of w liii li, the mag- 
net jnst touches whi*ii at zero. 

In using this apjiaralns, it is meri'ly nec'csshirv to adjust 
the magnet to zi'ro, eillier hv nu'ans of screws, weights, (U* 
tperliaps the most (‘onvenient in praidiec) hy the attraction or 
rt'pulsion of a steel magnet kept for the purpose, "riu'ii, cm 
making the necessary battery c<unniunications at r, e, the 
scale .V w ill rise w ith a fon*e c*stiiuated by tlie w eight, in grain-;, 
tenths, \*<*., wbieh is re(|uit;ed to reduce it again to zi'ro. In 
my instrument, I have found ttial one degree (33,-0 i^s iiuli- 
eated by .0!) gr. 

" “Artnalig' to), iii. j p, 413, 114 
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38. Tho valno of this now ^alvniionK^tcM*, (tho ^(Misihility 
of which may ho increased at idcas’.iro byMnultiplyinjJC tho 
nunda*!’ of (!oils,) b('sidos its nscrulr.css in inoasiiiine; copious 
currents, consists cliicliy in its pcrfoi i in(}cj)cndcn<'c ot the 
terrestrial, as wcW as ;n!y other ci-dinary ina,i»n{‘tic inlhumca'. 
In eviTY possihio situation, j)nni(i{‘d that tlu* iv.tcn.-ily of 
the balanc(' l 3 ar is constcuit, and tha' lio inU-rlcriMU'c is indi'ccd 
a/h:r the adjustment to /er(>, t!u^ transmit tc'd curremt is ( N- 
actiy proportional to tiie \V|‘i”hi lifted hy t!ie scale, ami I 
sh.onld hav(' as iiuu It ctuilidence i'a ovojKin;.r v»ith it cei an iron 
steam-boat as if e^erv particle of iron W'‘re reuio\(.(i mitirely 
a\t ay. 

39. 1 })r(jceeil now to deserilhc ttiy t Is'ctro-tnayn.: i ^\lncl] 
1 bad (K'ca.-ioii to ('r,r;r truct of vmy dili’erent si/cs m order to 
doM'lope ail}' curious circuinst iiice v. Inch miaht ju'cscnt. itsi'if.-- 
A pic(*t* of I'viinilrii'al wrmiijht iion, ciylil inches !on,% i:.;d a 
I'.olc one im h in diamett r, bored tin* Asiiole icneth (d nr, r.M' ; 
om* side was (lum plum'd until tlie ho]<' ^vas exnosctl sU'lu ient ly 
to separate tlu* ‘'poles'’ \ of an ineli. Another pieci* of 
iron, also eiiilit Imdies lon/r, was tlani planed, ami hi*in;r - 
cured with its feua* in contact with tlu* other plum'd . inie. - e, 
tiu* whole was turned into u cylinder emht inches Ion;.;, thrc(3 
inclu's and three (juarters in exterior, and one inch in intt'iior, 
diameter, d’he lareer pice. 3 was thou co\eri.al with ca.Iico iuui 
wound with four copper wires (covmad with silu ) each til) h‘(‘t 
lon^ and 1-1 1th of an inch in diatmum*, a, (inuntity which was 
just snllicient to liide the exterior surface and ('Uiirely to lill the 
inside Iv le, I shall juwhaps lie better umierstofjd on r(*fcrence 
1o plate 4, llg. '2^ Avliere >//, is the hoi se slau*” (»n w Inch 1 liave 
drawn some liiies-to illu^tiiite the {#.isition of tin* ooiKhictin;'' 
wire, is the armature and .v. <S:c., an* sciaS\s with ej'o 
holes for tlu; purpose of su.-pen^ion, "riiis < h'ctroniftauinet is 
designated i\o. 1, and the rest are iiiim!)crcd in the order of 
their d(*scrij)lion.« 

40. Tlie ii(ui wliirli 1 n-cd in tlie con^stnudion of a second 
was roumi,^ and 2*7 in. long, and Imlf an inch in fliaim4(*r. 
It was h(;nr into an almost semicircular shape, and coAcred wdh 
7 feet of well insnlatcal cop[)ei* wire l-2t)th of an im h thick. 
The poles were half an in(*h. asunder, and the w ire coniplet(*Iy 
filled the sjiace hetw ecu them. 

41. A third electro-magm*t was made of a ])iec(; of iron, 
.7 of an inch long, .37 in. broad, and .13 of an im li thi(4v. — 
Its edges were reduced to such an extent that its transverse 
section was a perfect ellipsis. ‘ I’his also was ixmt into a s(;- 
niieireular shape ; and was covered witli 19 inches of silked 
copper Avirc, onc-foiticth of an inch in diameter. 
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42. Anxious to prociiro a still larg(T^*ariety, I made wliat 
iniglit, from its tfJdreinc mini lioness, hr. termed an elenfrufary 
It. w iis the smallest 1 believe eviT eonstnieteii ; 
and consisU'd of a ])ieee of good iron «\wire, one (juarter of an 
ineli long and l-’Joth of an inch in di?imeti‘r. It was bent 
into a senftcin le, and was eovcriMl hy three turns of vninsu- 
Idtcf! ('Oj)])er ^^ir^i l-40t.li of an ineii in diameter. 

Id. 4'lie. s\>t(‘m of li‘Vi‘rs which wa*^ nsial in part of tl'.e 
sid)s<M|Uent e\|)i‘riments was fonn^l to he so eonvenient that 1 
am indiK'ial to des('rii)e it •in this ]dace, althougli it may not 

iiuche anv tlnni: (‘ •.-('iitially jtew. In tig. 2. h. /a /a are 

oeams of ;i,- !;. tiirei' inches M|nari‘ and ten f«et long, st rmig- 
tluned hv stj-ong iron plating. are ra.-teie.al toei'llier 

in pairs, liv iaeiids jada'd to their upper sides, a /, an* inove- 
a!)l<* inm li(*aring:\ and /', is llu; fiih-vinn, al>o movcaide, and 
armed will! iron; u\ a.n* strong pii'ces of wood which hear 
upon the IcNcrs and Cvirry tin* liooks which an? aiilxt'd t<^ the 
('lectro-niagnct No. 1 , and Its anna) nre. - 1 subjoin some of 
the rosiilis oljtaincd by this a})])aratu<. 'The iir^t column ('on- 
tains dcgn*es('f cuna'iil. electricity (dJdgi). I’he second givc*^ 
tin* ])n)duc1s of the numhci.-. in tlie iir.-t column and the l(*ngtli 
ill feet of wire wr;ipi:oil round tin* magnet : it contains theri*- 
fong degrees of electric force (ihho)- ]ia^tly, the fourth ex- 
presses th(* weight <;!(!‘ied in ])ounds axordupois. 

TV.ne.: i. • 

r.lucti’o-iii.-mirt, ..re Ml’inni. l.iltK, nT wirv, 2a fi I't. 
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44. On one occasion the power necessary to break contact- 
was 2090 ll)s. or nearly niiuti^cn hundred //r/V/A/, which i.> I 
believe a greater weight tliaw any magnet has hitherto carrii'd, 
and is certainly vastly superior to the performaneo of any of 
the same weight ; and I can shew (45. 50.) that this power 
great as it is, is not, so much as is due to its peculiar shape. 



192 


On i'lleclro-Muijmtlc I'urces^ 

45. The latter part of the above table was obtained experi- 
ment all)- before th^ first part, and in the mean tiine the 
pro[)er insulation of the eolls from llie iron was destroyed by 
an accident, and not ^^)a^ in-- tiie (spi);)rtmiity of reiiltiu;; the 
elect ro-nnyirnc't, 1 have been obliged lo snppl) the correct i<ms 
of electric-force seen in the third cohnnn and cincnlated on 
the bar-is of the jiower obtaiiK'd when the insulation was ”ood, 
1 ean ])la(*e gr(\'it coiilid(Mice in these coria'etiniis, hut must 
eonfess that 1 cannot give that vvlii(di I sus[)(‘rt to In^ neces- 
sary in (4d), 1 have {herehoT rehiAd that evptM-imenl without 
irumt lolling the <‘le{‘tri(' foree. As however this UlKandaint v 
will not niaierially afha-l the. sub.-eijuent ol;servatioiis. and 
only indiiees the suspicion that the m.ixlmnm po^vel• oi this 
electro-magnet is not yi't attaiiu'd, I have thought it hesl to 
relate that experiment (44) in tlie abseiiec of the nit>re eom- 
jilete data which I hope to a<lvanee in my next commnnieatioii. 

TAJIIJ*: H. 

So. 2 , ( V).) WrifjJil 10 .:? f/r. ; lutffih nf irirr 1 ft. 
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4b. With great care this small eli‘ctro-!nagnet ::jupport('(l 
in one instance tweha* pounds, or l’2sii times its own wanght. 

47. No. 4, (42.) the weiglitof which was mily half a grain, 
carried in one instance 1417 grains, or 2S:M timea its oini 

WiiUjllt. 

48. It laajuired great patieneo to work with an anang»-e- 

inent so minute as this last, and it is on this account that 
the above weight is not m*arly so gnuit as i.t ought to have 
been, th(' r('!ativ{» power liowever which I oiitained with it is 
far greater than any tliat 1 had hitherto seen, and is more 
than eleven times that of the cefehrated steid magnet of Sir 
Isaac Newton. , 

49. It is w ell know n that tlft^ steid rna.gnet should necessarily 
have a much greatc' length than hn'adth or thieknoss, and 
that the contrary shape is attended liy the confusien of the 
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jiolos and a fj[cnoral diminution of virtub, and Mr. ScoresUx: 
lias found that if# a large number of straight steel magnets are 
bundled togetlfer, th(^ power of caeh Ivdion separated and 
examined is greatly deteriorated." AU this is easily under- 
stood, and finds its cause in the attempt of each pari of the 
systtmi to uiduce upon the other part a contrary magnetism to 
its own. Still there is no reason why the principle should be 
extended from the common to the alccfro magnet, (^specially as 
in the latter case a great and commanding inductive power is 
brought into play to sustaii^i what*the former has to support 
hy ils own unassisted reUmtive j)roperty. All the preceding 
c*k[)erimcuts support this position and f sha'^1 give a table ii\ 
jiroof of its olnious and necessary consequenc(‘, — that the 
ma i imum jmwer ofUic (dccA ro-maijnt l is directly proportional 
to its ienst: Irtnisrcrsa st'ctional area, 'I'he fir.Ni column con- 
tains the least si'Clional areas ill sipiaro *11101108 of tlic whole 
magiiotie cirmiits. dlio maxinuim ])owers in pounds avoirdu- 
j)()is are recoiled in the .second ; and these redneed to one 
s<[uare incii coiisiiinie lii third, under the title of specific 
po/re/'s, 
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50. These results are, 1 think, snfllcient to prove the rule, 
if we make an allowaiua* for various sources of error. No. 1, 
is unfortunately anade of a piece of unsound iron, and more- 
over is suspected not to have been saturated (45.), otherwise 
1 liavc no doubt that its power per square inch would ha> e 
approached or, that. the whole would have been 6 or 7 
hundred weight greater. Again, the spccilic power of No. 4^^ 

♦ Ma^nclical Investigations, jip. 37, 3S. 
t Sillimaii’s Journal, vol. xi\. p. 404. 

VoL. V. — No, 27, September^ 1840. 2 B. 
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is smaller than the mean simply because of the extreme <liiri - 
culty of making a good experiment with •it (4S.). Witls 
regard to Mr. Nesbit’a cloetro-inagnet^ the bfittcMy used \vas 
so powerful ( 19 of Pauiell’s two feet cells) and the (pian- 

lity of conducting wirv> so very large (14 lengths of w ire each 
iO feet long and i]))out )-l4th of an inch thick), thaUts magne- 
tism must have been brought to the utmost possible ])itcli of 
intensity, which therefore (excelled the mean. On flio other 
hand Professor Henry's for the opposite reason (‘xhibits a 
specitie power much hi loin th(^ meaji.t 

51. 'rho moan of the specilic powers of No *2, No. and 
of tliat at the Hoyal > icloria Cbillory” may 1 tljink he 
fairly taken for the expression of the nniximum nnignetie forco 
of iron under ordinary eircumstanees, w hich is simply statinl 
by the formula .r=2S0rt where a is the least sectional area In 
sqriarc inches of the iiiagnetie circuit (49.). 

52. Since the element of lengih has no j)lace in the abovi 
formula and has iu fac touly a se(‘ondary iullueiice piaying the 
part of ail active I'esi.staiice (55) whicli it requires a large addi- 
tional force to o^ ercome ; it is obvious that iu /lie <Iirect ratio of 
its reduction, w ill the attractions relalhe to weigiit of iron in- 
crease. Hence the large [lower, in this n*s|)cct, of luy short 
cl(»ctro-magnets. Hen(*e, also, I have no doubt that a r(‘la- 
tivc power of 10,000 miglit be attained, and by increasing 
the sectional area and at the same time diminishing tlie length, 
or, what is the same thing and ind(M*d the only means of its 
performance, by increasing the length and diiuinishing tlu* 
diamekr of the cylinder (:59) of No. J, that a single pound 
weight of iron might be made to carry 2 or 5 tons. 

.53. All this cerrohorates what | iiavc before stated}: witli 
regard to the proper (*oiistruction of the elc'ctny magnet for 
liirtng purposes, and it is well illustrated by tig. 4, o^^* plat(». xi. 
in the “ Annals” for last Ap.ril: if, in that figure, the line 
between b and (h (which lias b(;cn omitted Ijy the engraver) he 
draw'll, it will he evident that iu the case of saturation wiien 
the magnets A and 11 are hrouglit into eoritact, the oblirpie 
forces will vanish, and the attraction will cohsecpiciitly co ist 
in the simple ratio of the smallest number of inagnctic particles 
opposed to each other. 

♦ I liavchad the pleasure of seeiniy anolher electro-magnet of this ifcnlh 
man's construction. It is short and thick, and consccpicntly adaj>lcd lor lift- 
ing a large proportional weight. 

f Jfis coils consisted of nine Icngtiis o/ copper licll wire, each (>0 feet long. 
The battery corisi.st(‘d of a single jmir, which was certainly not siiihcicnlly 
intense to oVercome the resistance of the wire, so us adequately to effect tlie 
saturation of tha iron. 

[ “ Annals” vol. iv. p. r«0. 
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54 . With respect to tlie magnetizing coils, I may observe 
that eac li j)ariiclA of space through wliieh a certain (juantity 
4)f electricity is'pro})agatoci appears to operate in moving the 
inagiu^tism of the bar with a force pr^^portionatc to the in- 
verse s(juare of its disttince from the snft'ace of the iron, and 
tliat whenwhc tension or specific magnetism. is the same, the 
thi(*kness of iron on wliich that particle of conducting space 
acts, has nothing (ajiart from resistance and other foreign cir- 
cMiinstaiices) to do with the whole efft'ct. Now it may he 
inatlieinatically demonstratcid that, such being the law ; if each 
])articlo indiu'c? upon a large surface^ the resulting magnetic 
ibree will not vary Jimch with the distance, but he a very 
contitaiit (juantil Y Ibr any distance whicli bears u small ratio to 
tlu' dimensions of that surface. Hence it is that a coil v'ithhi a 
hollow pioi'e of iron lias no power to maiiiielizc it;'* in that 
east* its <*neigy is din*cted in etpial c|uantitli*s towards ojiposite 
tlireetions, nearness of one surface exaclly countcrhalaiu*- 
ing tilt' size of its opposite. And ht*n{*e alst) in the case of my 
large elcctro-magiug,, where tlie surfaces are large, every par- 
ticle of eonductiug wire woultl ])orrorni its full extent of duty 
e’>en if it v. ere not quite close io the iron. 

55, AVlitm till! interfcrt'iK es arising from tensit)n are reduced 
to a minimum by completing the magnetic circuit and making 
usti of a very small electric force, (513, .3) the resistaiu'o from 
/c/e/ZA becomes a very stuisihlo <juantity,t varying ^mobably 
ill the tlir(!(.*t ratio of that element. Some idea of its charae- 
Uu’ may be formed from tiie following table, where 1 have 
compared half the maximum powers of each eleetro-magncl 
with the electric forces (.55,5) that jiroduced them; and, by 
ilividing the former by tlu^Jattcr, I have a tliird column which, 
under tin* title of .sy> ri/ic pofrer, (*ontains the quantity of lift- 
ing iiowej (of that degree of tension) due to an unit of elec- 
tric force. 

i’AULK V. • 

Mlec. forers. ^ iiiav. power. Speeilic powci. 

No. 1. 200' lOOOlbs 5.51bs. 

No. 2. 4.5 25 5.5 

No. 3. .0(5 5,5 9.2 

5(5. The electric force against No. 2 is rather larger than 
the truth, on account of the greater r(*lativc distani o of its 
coils from the iron : if \vc\ make on this account a slight ad- 
dition to its specific 'powci\ we shall find that the results are 
in character with tlu? observations in 54, 55, and that the 

* Scientific Memoirs,'* Uarl V. p. 1 U 

t “ Annals," vol. iv.p. iO. 
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specific powers are the same for cn(*h, after allowance has 
been made for the resistance of hiujlh. ^ 

57. It is well kr.own tlint when the galvanic* circuit is 
broken, the annature^is retained in its place with very consi- 
derable force. I was anxious to try th(? capai}ility of my cy- 
linder, No. 1, in. this respect, and have arrangeikiny results 
in a table, the first column of which contains the drijrees 
(33,3) which were cut off; the second, the lifting powers due 
to these quantities of electricity; and the third, the power 
left after the cuiTent was broken. , 



TABLE VI. 


Icc. force. 

liftini; power. 

i<‘tcntivc piiwcr 

S8 

540 .... 

33 

2f) .... 

40 .... 

.... 16 

M ..0 ... 

10 .... 

10 


58. 'Hiere is (‘onsidcrable dilli(ailty in making a good expe- 

riment with so powerful an electro-magnet as No, 1, wlieu 
very small forc.es are measured. Nevertludess it is certainly 
the case that the retentive is very nearly equal to the Uftiny 
poivcr with small quantities of electricity. Another (mrious 
circumstance presents Itself in the very inferior retentive power 
of my electro magnet compared with thosii of considerable 
length. It is the natural consecpience of its p(?cndiar shape 
(49). ^ 

59. \M)en the wliole current is not cait oil, but merely w- 
dneed by the interposition of a had conductor, a surprising 
(piantity of magnetism may h(^ supported by a very small 
electric force, t subjected No 1 to 90 (‘k3,3) a (juantity ade- 
(juate to bring itJ^ power iij) to 500 lbs., and then n?dueed the 
electricity to different degrees of nitensity. Here arc the re- 
sults. The first column ('ontains the degrees of electric force 
(33,3) to which the superior current of 90^ was reduced; the 
second expresses the weight which is simply due to those 
quantities ; and the third gives the lifting f)ower which the 
same quantities could support. 

TABLE VJI. 


li Jcc. force. 

Tj fling power. 

Sujiportcrl ]>ow< 

31'^ ... 


2iHlbs 

21 .. 

‘23 

210 

14.5 .. 

10 

112 

6.2 .. 

26 

63 

4.1 .. 

11 • 

56 


60. A battery of ilio size of a common thimble is (piitc suf- 
ficient to produce 3r of electric force, and consequently 



197 


By Mr. J. P. Joult% 

to bustain a magnotic power of about 300 poundn, and it is 
easy to pereeivt! (imt, by increasing tlie size of the electro- 
magnet and tli4 quantity of its conducting wire, the same 
tninute source could support a magnetic virtue of an indefinite 
amount. • 

01. 1 must now conclude my remarks for_ the present. I 
intend, however, shortly to construct an instrument of a still 
larger ajnount, both of absolute and relative power, than that 
<h;scribed in ,3!) ; and I wilt only ad<l that the form 1 have 
now given to the electro-magtiet J*s the oidy one which will 
permit an unlimited increase of size wdtliout diminution of 
relative power. 

Kotc OH J olfaic Batteries. 

02. Having had occasion about a year .ago to constru(;t a 
battery of great inf(!usitv, it became a gruat object with me 
to devise such an arrangement «)f the elernents as should be 
both convenient in use, and when di‘stroye<l, easily refitted. 
yXftffr trying and rejecting two or three systems, I succeeded 
in I'roducing one which answered my immediate puri)osc very 
well ; but as I was aware that experience was the only strict 
tt!st of its value, I have hitherto ixifrainod from presenting it 
to public notice. Now, however, tliat 1 have worked with it 
during nine or ten months, and Inive found it to possess every 
«|uality that can be desired ; 1 ho[>e in describing It to give 
the same facilities to others which 1 possess myself.* 

t)3. I have represented a s<5ries of three elements in fig. 3. 
A, 1>, is the common divided Wollaston’s trough with the 
front side removed in order to shew the inside. The black 
lines within the cells arc rcctangidar pieces of strong sheet 
copper, benjj on a gangt^ to the shape seen in the figure. 
Within these, z, -, ;r, represent idaics of sheet zinc amalga- 
mated in those parts which arc in contact with the dilute 
sulpliuric, acid, with which i alw-ays charge my batteries, and 
fixed in their places by pieces of hard wooTl furnished with 
grooves and extending tlie w’hole breadth of the zinc. Lastly, 
«, a, a, a, a, are pieces of stjuare wood with holes in their 
centres to admit the screw bolt s, which secures the wliolc. 

b4. When the battery i.s worn out, empty its trough and 
place it therein ; then unscrew the bolt and remove it and 
the pieces of wood ; change the old zinc plates for new ones, 
taking care in the mean time to see that those parts of the 
copper which touch the’ zinc are bright ; then replace the 
l)ieccs of wood a, a, &e. pass*thc bolt through their centres and 
screw the whole tightly together. In this way I can easily refit 
»hrce batteries, each consisting of ten i>airs, (including tlie 



198 jprofessov Van Kobell, 

amalgamation of fresh zinc plates,) in three qiuirt<;rs of an 
hour, 

05. Of course Mr. Smee’s battery may be conveniently 
fitted up on iny plan. 1 prefer however for ordinal y use an 
electro-negative element of sheet iron before either eoiiper or 
platinized silver. In using sheet iron it is weihto tin that 
part which is to touch the ziiuj in order to ke(q) its surface 
bright. 

00. I have lately constructed a lar^(' battery on i\Ir. 
Sturgeon’s plan, and from hiy experience with it 1 am con- 
vinced that it presents a very superior arrangement of voltaic 
elements. It consists of eleven cast iron cells each one foot 
srpiare, and 11-* in. in interior diameter. With eight jiairs, 
arranged in a sei*ies of four, I can raise to a full red ticat IH 
inches of copjier wire one tentli of an inch thick. 

Broom Itill, near .Maiichcstfr, Cist 


XX\\ — Professor ^'AX Konnon on a tu tv kind of Klevtro- 
type J-lnyrdvintj^ by which ^ without dm use oj’ peer ious/y 
enyrared pidfeSy impressions in the manner of Indiandnh 
Drawinys are produced — -From the Gtlehrte Anzeiyen 
der li, hancr. Akademic d. If isscnsch. Nos, hS and 8!) — 
1840. 

It was the great and, indeed, rcmaikahie advantage's that 
practical science has already reajiod from .hu^obi's aj>piicatlon 
of the galvanic jirecipitatioii of ca)ppor that iirst induced nu^ 
to make the following experiments, and which, to llie best of 
my belief, are rio^v.'^ ^ ^ ^ 

I allude to the prcci])itation of a plate of copper into tin' 
surface of a painting or drawing in the indiaii-ink manner — 
the plate thus formed being capable of liaving impressions 
thrown oil’ fronj it in tlie usual way. 

It w^as easy enough to see that if wo could succeed in giv- 
ing the surface of the colour a conducting power, there 
might, of course, be formed on it a coating of coj^per wbos(^ 
minutest details would correspond with our drawing. Tlie 
kind of drawing in (|ueslion however, that is to say, sketching 
on a polished surface makes it necessary to work up the co- 
lours employed with some oily or rt^sinous substance, and this 
does away with its conducting power. Neither can we apply 
a coat of black lead or other similar conducting substance, 

* Most of the plates iiseil by our English calico j)riiitcrs, &c. H^c. are, I lui* 
<kTstarid, now ]>ro(luee<l by fjalvauic precipitation. — Tnntslatur, 
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luiismueli tho most delioato tints and shades of the draw- 
inir would suffer f/om the use of the hriisli. 

I, therd'ore, sot al)oiit trying to throw <lown a coating of 
(•()p])er into a skot(‘h nuido on a plate of ^Iver without einjdoy- 
in;:^ any such exp('dients5 for as the (*oj^per ])rec*ii)irat(?d by 
rliis process is thrown down in a erysfalliiK' form, and the ag- 
gregation of individual crystals in pure malleable metals I’ca- 
liily assioiies the forms of plates, (inasmuch as their tessoral 
forms, when in thin films, so uniti; together as to form such) 
il siru(*k me that it would lx; a men', matter of linx? to cause 
([('positions on non-coiidiu'tiug; jilaces n /o Jt itUersparstjd and 
iiuryoundiid fri/Ji yood cojidnclorn. 

The experiment hon' out my exjxx'tations ; and drawings 
in wax, varnish, copying-ink, tkc. wen'. cov('red with a 

deposit without any conducting; power being impartt'd to 
tliem, and this not untVc'(juently in a very short, tiini*. I had 
tre(|iumtly o(*easiou to remark how ilulo noduh^s of copper 
bi'gan funning at the eentre of tlu* non-condueting surface 
with which the low(*r plate was there entirely coated, these 
nodules gradually running into each other, and forming lines 
and threads hy siil)S('(jn('nt a.egregation. y\s it always re(|uires 
from four to live' days to obtain a. plate thick enough to prijit 
from, it is the less necessary to impart a ('ondueting power to 
lh(MM)lour for th(.' most de.li(‘at(^ shades, that is to s;iv, the* 
thiniu'st lilrns of the paint, are, for the most })art, (aMnplotely 
eo.it('d ov('r hy the s('( ond day, lea\ing hut a few' patclu^s free, 
the closing- up of wdiieh may he hastened by the appli(‘alion 
01 a coat of good i*ondncting black lead, laid on w ith a paint- 
l)l'll^h, for the drawing i)i the static in which il then is, is not 
injured hy so doing. llo^Jure having thus*recourse to the 
l>nish, the jikfte is to he dried with hihilons pa]>er. 

Witli vwjavd to the method of forming the picture wo wish 
ro co])y, the first thing is, that it should ho ])aiuted on a bright 
j)la.te of siUor or copper. "J 1 x^ ])alnting is to be executed 
w ith a sinyle colour^ which should be laitl on with the clammy 
oil used ill painting on china, and w hieh is the residuum ob- 
tained from the evaporation of oil of turpentine. By w ay of 
colour, we may use the red ochre of the ])orcelain painters. 
A solution of l)eni(?rara gum in oil of turpentine, duly thick- 
cuied by an admixture of red ochre, mineral black, or some 

* Copper may be j^roiiiiilcd with a coat of wliitinj?, eml on this, without 
diflioully, \vc may draw with a fine pin, nsiin; a solution of siilidiuret of po- 
tassium (with the inaxininin of siilpliiir) hj' way of ink. Tlie black lines 
thereby obtained may be removed wliile yet moist by wasliin^, the drawiii^r 
being, nevertheless, visibly iiii])rcssc(i on the eopper/ owin^- to a kind of cor- 
rosive action. . 
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such substance, furnishes also a colour that^ is pleasant to 
work, and which dries rapidly* ^Ihe coloftr is to be so ap- 
plied that the polished surface of the metal, Vlicrc lett bare, 
gives the brightest liglits, while those parts that arc more or 
less coated furnish the shadows. It is right to observe, that 
it is noways necessary that the colour should be laid on in a 
thick coat“ on (he contrary, the more delicafc ami the finer is 
the execution of ihc drawing, the sharper is its ve-productiou 
in the cf)pper-plat(', and the sooner is this c omplotod. 

I’hc colour, when dry, ‘should, adhere firmly to the plato, 
otherwise a thin film of copper, which nothing but nitric acid 
can remove, ggts in beneath it. 'I'lie surface of the colour is 
not, however, to be quite smooth ; it must be line-grained, 
otherwise the copper-plate precipitated into it will not take 
the printing ink. 

In some of the experiments I mixed up formate of silver 
with the colour, and exposed the plate to a gentle heat. 
Conducting points of silver were thus generated on the sur- 
face, whereby the covering of (he whole was hastened, hut 
no such addition i.s, as before remarked, necessary. 

With regard to the precipitation of the copper, we may, 
for that purpose, use Jacobi’s apparatus, or wc may employ 
a copper trough with a parchment frame, an arrangement 
which Professor Steinheil —following up Daniell’s plan — has 
introduced, or recourse may be had to Spencer’s arrangement. 

I'hc employment of Jacobi’s arraugement has this disad- 
vantage, namely, that when the action has been going on for 
some time, the edges of tlie j)lat(! become too thick, forming 
rough borders, especially towards the corners ; besides, witlj- 
out frequently changdng its positipu, the copper is not jireci- 
pitated of c<pial thickness over the whole siwfacc, and it 
rctjuircs a certain degree of jmicticc to prevent Jhe metal 
running out into lines and branches upon the plate. The use 
of the copper t-ough has, it is true, its advantages ; by fre- 
quent use, however, it becomes so coated with copper that it 
is necessary to give it a new bottom on account of the w'avy 
form the fold one assumes, besides there is more copper pre- 
cipitated by its use than the operatiou requires. The appara- 
tus that I have employed, and which I find answers the purpose 
very well, is composed of a flat-bottomed vessel of china or 
glass, and whose sides arc twm or three inches in height. 
A plate of copper is laid on the bojttom of this vessel, having 
a strip of the same metal an iiuJi and a half in width rivetted 
to it at right angles by way of conductor. This metal band, 
with the exception of its upper end, is insulated throughout 
by a coat of w'ax. 
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riic diinoiiHions of tliis l)ottom ])Ialo must be yiich that it 
should project about lialf an inch all round tlio })late on whicli 
the drawing- is made, the latter hein^^ pkiced thereon durin^r 
the o|)eration. At first I connected the conducting strip of 
metai directly with tlie paiiUoil idaie, 'but the edges ot the 
jdate thur^ obtained were too ragged, and tliis is avoided by 
the abov(' Tnodilicalion of tlie apparatus. Above these jdates, 
and resting ui)(ni foot ahont a (piarter of an inch high, there 
Is a frame with parchment stretched across it, or, in 

otlu'r words, a tamhonrlni'. In tltis tltero arc laid a couple 
of small glass rods, and on tlann a plate of amalgamated zinc, 
the nu‘t:d Ixhng tlierehy prevcMittal from coming into contact 
with the diaj)hragm. 'To estaJ>lish tlu* (‘oiinexion, I make use 
of a (*opper pln.U' somewhat smaller than th(^ zinc plate, and 
rotiug on it, and furnished with a ril)hon <;f cop[)or about an 
iuf'h and a half wide'. 'This strip of nu*tal either dips down 
into a chainn'l tilled with (juicksilver a,daj)t(rd to tin? strip in 
(‘onnexiou with the Jow<‘r p]at<\ or the two bands are con- 
uectcfl bv a bindiii:^ scianN . 'I'ln^ employment of mercury, in 
makiiig the coimc'xion, rcMjuiia's <*are, for if any of it gets 
thrown into the lower plate as it lies during tlie oiieration, a 
tiling likely (mongh to occur in inserting or willulrawing these 
strips, then* is fonm'd an amalgam with the cojiper to the 
d(‘stru(*tiou of the plate. It does not answer otpially well to 
f'niploy a wire in limi of the broad (*onnecting strip of metal, 
for on doing so \v<'find the ])re(rij)italion considerably weakened. 
'I'he glass vessel up to tlie spot to w hich th(‘ frame when in- 
s(M ted comes, is to be tilled w ith a concentrated solutum of 
snljihate of (‘opjx'r, and water moderately acidulated with 
sulphuric! acid is to be p<r.:i*ed on to the' /iu(»plate to the dejith 
cif a few rnn?s. To keep up the precipitating action of the 
ibiid, c'wstals of sulphate f>f coj>pc'i* should he scattered round 
the copper plate'. f'rom time to i/mM* I remw\ed the upper 
fluid, and rc'jilac ed zinc jilate wlnai cc.tisiderably ('alen 
away. Jnconsincn*able dep(K<irs of copper on tlu' jiarchment 
may be scratched oil’, but if theyv iucre;ise to any ex(t‘;it. 
now membrane must be used. Instead of sucli atambsc,;:.. , 
it may be ineiirioued, we may emphyv a lioiigh of balf-burni 
clay, porous enough to allow of the percolation of the fluids, 
but in this case the precijiitation is by no means so rapid. 

!>y following the plan I have recamnnended, I have, in from 
four to six days, obtained plates four inches square, and above 
a line in thickness, and tolerably even tlironghoiit. \Mien 
the surface is waved and uneven I withdraw^ the plate, and 
haying dried it with bibulous paper, I file it dow ii till it is of 
uniform thickness. I then replace it- and allow the o[)eration 
\ <)!.. \ No. 27, September^ IStO. 2 C 



202 Professor Van Kobell on Eleclro-typc Engrnvhtfj. 

to proceed «‘is before. Occasionally, also, I have (‘overed 
particular spots with wax to allow others that^ were lower to 
increase to the heicflA of the fornuT, and the plate has thtui 
been filed smooth. It*is advisable to direct one's attention 
from time to time to tlie thickness of tlie metal so as to turn 
round the thinnest ed»:es of the })late under the p<'irts of the 
diaphragm wIv'yo the action is the strongest. To endure a 
rapid and compact jn’ecipitation, it is above all things reijuisite 
that tlic solution of ('opper should be constantly maintained 
at the point of saturation. The Ivabbles of air that adhere to 
the plate on its first immersion may be removed w ith a camel- 
hair pencil. It only at tlie eoinmenccmcnt (d the process, 
that is to say, till the picture is coated over, that the opera- 
tion demands our attention. 

When the plate has attained tlie desired thickness, tlie edge 
all the way round is to he filed away, upon wliich, generally 
speaking, the tw o plates s(*parate without (lifliculty. To ren- 
der the plate W(* thus obtain fit for furnishing impressions, all 
we have to do is to clean oil w ith aither any particles of colour 
adhering to it. 

I'he impressions have the appearance of Indian-ink draw- 
ings, and the tone of colouring is extremely delicate, a fact 
the painti?r ought not to overlook. 

I think that the ai^companying specimens w ilP hear me out 
in the id«i that this modification of the electrotype process is 
the move deserving of the attention of artists as it enalilcs 
them, and that without much previous knowdedge on tlu; sub- 
ject, to throw off copper-plate impressions of any sketcli or 
picture. It need scarcely be remarked, that the graver may 
be subsccjuently fQ)plied to a plate^ thus produced, supposing 
wc wish to heighten the effect of any particnlai' part of the 
engraving. Vrom what lias been said, it will be &‘een that 
the process is by no means an exjiensivc one. 

Translat(^d hv 

W. G. LEl'TSOM, Esq, 


* VVi* liavc s.'vcral beautiful specimens of printing from this style of 
*:leotro-typc, whitU were sent to us with this paper; als:> one electro -type 
plate, whh the picture of a tree, from wliicli we give u copy iu the electro- typo 
plate,— Edit. 
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XXV I. — On Jthe Analysis of TAmestones^ especially the 

Magnesum kind^ and a method of cipmpletcly separating 

Lime from Magnesia^ lohen both ^tre present in large 
qnantltg. 13y IIohert E. lloiiEUsf M. D. and Mautix 

11 . 

Carbonate of lime, associated witli more or loss carbonate 
of magnesia, forms tbo principal ingredient of limestones. 
In some varieties the latter snlxstitncc appears only as a trace, 
\vhile in others, it amouilts to lu'arly oO per cent, of tlie 
mass. When the proportion of the ('arboiiatc of magnesia 
is vtTy considerab](^, the rock is termed magnesian limcstoiK*, 
or dolomite, the latter name being mostly applied to the crys- 
talliue %arielies. \"ariable (piantilics of other siibstanees, as 
sili(‘a, alumina, and the oxides of Iron, And manganese, are 
generally associatc^d to some extent with the abovii principal 
constituents. 

'I'lie Silica is nstially ('itlier in the free state, in llic form 
of small transjiarent grains of nuartzosc sand, sometimes im- 
])a1i)al)ly minute, or in chemic ai <rombination with the alumina 
andiron, (<da}%s, c^cc,). 

I'he extensive use made of limestones in the arts and agri- 
culture', as mortars, ceuu'iits, Iluxes and manures, renders it 
a matter of great importance to proenire ;i certain and expe- 
ditious ])ro('ess for their analysis, espec ially as tlTere I'xists 
great diversity of opinion respecting the relative efficiency 
of the several constituents. 

We proceed to (h'st'rihe a mode of analysing cau^areous 
carbonates, which we liave found in ])ractua> both ceriaiu and 
expc'ditiouS;, and, tli Ti'ibiv, preferable, we conceivt?, to the 
method^ generally in use, whieh demand extreme care and 
considerable time to furnish ac(*urat(‘ rt^Mdls. The method 
lierc ])roposod, we have adopted with sii<*ces^s in an extensi\e 
series of analyses performed for the geological survey of the 
state. 

The limestone is first finely powdered, wIk'u a given weight, 
about MO grains, is digested in i-hhm)hydric acid, in the ordinary 
way, evaporated to dryness, moistened wit li clilorohydric acid, 
and rc-dissolved and iiitered. Tlu^ silica and a largo j)art of tin' 
other adventitious substances are thus left ii))on the filter. They 
are then calcined and weighed, a correction being made for 
the wx'ight of the ashes of jlie filter. These steps give the 
amount of the insoluble matter. 

The filtered solution, containing besides the lime and mag- 
nesia, portions of alumiiic and oxides of iron and manganese, 

♦ Journal of the Franlilin Institute. 
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is neutralised with ammonia, avoiding an excess, and thcMi 
precipitated with sulphhydrate of ammonium,^ a small (juaii- 
tity of which will iisaally t>utlioe. When the precipitate has 
subsided, it is tiltered^ the funnel being covt‘r(»d with a glass 
plate, so as to cxcliule the atmosphere, and then washed with 
water containing u few <lrops of the snlphhydrate*of aniino- 
niurn. The filter, with its contents, is then removed, pressed 
between bibulous paper, dried and calcined. The alumimi, 
and oxides of iron and manganese are thus obtained togettun-. 
When their quantity is such as to n‘(|uire them to he sepa- 
rately estimated, it can he done in the ordinary way. 

In determining tlit 5 lime and magnesia, a fresh e([nal por- 
tion of the powdered mineral is employed, whii'h is dt'eom- 
posed by a sufficient quantity of dilute sulphuric arid, A\iil> 
lljc aid of heat. Water is tlien a<kle(l so as to fill tlie At*ss('l 
uj> to a given mark, aft(*r which aleoliol of known strength is 
introduced in such proportion as to make the w hole solution eon- 
tain 40 or 41 per eent., (estimated by Aolnme)of alcohol. 41u'. 
ah'oholic solution of this strength'^ j)i’(*eipitates entirely the 
aulphalc of lime along with the hisoliihle matters. When the 
jH’ecipitate is settled, it is filtered under cover of a glass philt'. 
and repeatedly washed with dilute alcohol of tiie same 
strength, as that previously employed, until a bar\t!e solu- 
tion indicates no trace of sul])luiric a('id. 4'lic w hoh* is now 
calcined, •jitul the weight cf tlu^ insoluble matters as alreaiU 
ascertained, being dtHlucted, we obtain the amount of a///- 
phatfi of from wlilch we compute that of tlu* taihomilv, 

I'lic liltcred solution now contains th.e sii1j)liale of magne- 
sia, and an inconsiderable ])orlion of the sulphates of alumina, 
iron, and manganese, besides an tcieess of sulphnric acid. — 
It is to he evaporated until all tin? aleoliol is dispelled, and 
then preci])itated by pure earhonate ot potassa, witlHlio jire- 
cautions usually jirOvH'rihed. 4he nmgnesia, alumina, and 
oxides of iron ai.d manganese, thus jirecipitated, are filtered, 
washed and laleined. Subtracting from the weight of the 
whole, that of tlie three latKT previously ascertained, w(! find 
tlie amount of the magnesia, which is to be estimated as ('ar- 
bonatc. 

The separation of the lime in the form of sulpliate from 
magnesia, by an alcoholic solution, is so (uiinjilete as to make 
it unnecessary to estimate directly the magnesia, except when 
we desire to cheek one result by the other. '1 ho above pro- 

♦ Alcohol of this slrciigtli has a sjm ifiv yravity of 0.0.;1 tn (1.9 at Far 
and marks betw’ccu 17'^ ami 18 Haume. Alcohol of the shops (alcohol rcc- 
tilicatus Loud. Phar.) marking .04.^ Pciiiisylvaniu proof—lias a sptcillc gravily 
of 0.835, Five volumes of this, ami 0 a (>.J volumes of water, will give a very 
suitable mixture for the above purpose of analysis. 
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resis, it need hardly be said, will apply equally to the analysis 
of other substiviees than limestones, in whicli lime and ma.<j;~ 
nesia abound, for avo have only to prcci[|itate these earths as 
<'arbonat(;s, convert them into sulpiiatt^s, and then treat them 
with dilute alcohol afior the manner described. 

We pre^sent the following; analyses by way of illustration : - 
1. A white crystalline dolomite^ from the lu'i^hbourhoud 
of jMont\ ill(*, Ntnv Jersey. Specific yracily — 2.sr>:i 

A portion, l.ld!) grammes, wjis raiscMl to a dull red heat, 
and the waitn*, A\hi(ai was i’ceeivcfl in a tube containing chlo- 
i i<li‘ of (*aleiuin, was found to weigh .007 grin, or .4S ])er 
cent, This small amount of water is not exjxdled at the tein- 
pei-ature of boilings wat(u*. 

Two other portions (A the p(»wdered mineral, treatefl after 
the manner deseriht'd, gyase these results^: — 


I’cr (cnt- 

insolubh^ matter 04 

Alumina, ox. iron, and ox. manganese lo 

Sulphate of linu', and iusol. matter 70.02) 


Magnesia, alumina, and ox. ot iron aiul in;iiiganese 20.70 

lly subtraetiiig the insoluble matter .04 from the joint 
weight of the soluble matter and sul]>hate of lime 70.00, 
As e g<‘t 70.05, and sulilrneling the alumina and oxid(^s of iron 
and manganese from the joint Aveight of these and the mag- 
i.u'sia, Avc‘ have for the magnesia 20.55 • 

A rei'eriUK'e to the anm»xe<l table, tluj use of Avbich aviU b(^ 
('X])lain('(l, sIkuvs that 70.05 per cent of sulphate of lime is 
4*quivaleut to .41.54 per c ent, of Uine, or to 50.1 1 per ccuU. of 
carbonate of lime. 

It also appears that 20, peu’ eemt. of inagnicsia is eciniva- 
lent to ^2.5 4 of carbonate of magnesia. The result Avill, 
tlK'roforo, stand thus 


( •a,r])onate of lime 50.1 1 

C‘arbouate of iiiagiu'sia 42.54 

Alumina and oxides of iron and manganese 0.15 

Insoluble matter 0.04 

\\ atiu 0.4 S 


1)0.42 

Were avc to estimate the magnesia in this ease by the loss, it 
would be 44.22 earbonato of magn. eqiiivalcmt to 20. SS mag- 
nesia, or 0.43 per cent, more? than the amount found by direct 
estimation. 

With a view further to shew that the irholc of the lime is 
procured by the abovc^ method, and therefore, that avc may 
safely estiniale the magnesia by subtracting the carbonate of 
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lime and other ingredients directly got from the weight of the 
mass, we subjoin the following example of a specimen found 
to contain no magneuia. 

2. A white crystalliKC, imperfectly saccharoidal limestone, 
from near the mouth of Yellow Breeches Creek, Susquehana 
River, Pa. ‘ ' 

From oiK? portion of the powdered mineral, treated with 
chlorohydrie acid, wc obtained 

Insoluble matter 2.3 per cent. 

Alumina 1.2 ,, 

Ox. of iron and manganese nona 

Another porticu treated with sulphuric acid and dilutt!d al- 
cohol of the pro})cr strengtli, gave 

Insoluble matter and sulph. lime 133.1!) 

Table for cah'jdaluuf lime and carbonate of lime from Ike 
mafjneaia from matjnesio. or its suljilutle*' 


Sulpiiateof lime 

J^imo 

(M 1.5:12 

o.s;io<;j 

Sulphate of lime 

Carbonate of linio 

0 7;17!S() 

0. 17.5<il 

Magnesia 

(.’arbonale of mai^nesia 

2.07002 

1 MOOJ 

.Sulphate of maLrnesia 

iMajjneda 

o..34oir> 

0.(*|S020 


The first vertical column of the tal)le contains the naini's 
of the substances, from a known weight of w^hich we wish to 
compute the w^eight of the substances embraced in tlie sc^coral 
column. The figures in the horizontal lines represent the 
quantities of the 4»ubstanc,es iiam»^, in the second vertical c.o- 
lumn corr<?sponding to those quantities of the sMbstauees in 
the first column, which are signified by the mimbi?!:^'" at the 
head of each vertical division of the table. An example will 
render the modc^of using the table sufficiently plain. 

In the first analysis, the amount of sulphate of lime w\is 
76.05. a'o. ascertain from the table the (piantity of carbonate 
of lime equivalent to this amount of suljihate, we find on tiic 
horizontal Hue appropriated to the carljonatc, the quantity 
due to seven parts of the sulphate — namely, 5,10463, then 
the quantity due to six parts, namely, 4.42082, and then 
that equivalent to five parts or 3.08!)02. liy arranging these 
in their proper decimal order, so as to impart to tlie several 

* This table is taken partly from H. Hose’s Analytical C-'liemistry, vol. ii., 
ami partly calculated for the present purpose. ’I'lie priiieijde of this method 
of calculating aiialylieal results was first set fortli by Poggendorf, in his An- 
nals, vol. xxi-, and has since been extensively carried out by 11. Hose in his 
work just mentioned. 

f 'fhe Table iu the middle is to be read tlirough both pages.— Edit. 



207 


On the Analysis of IJmesioneSy 

Subtracting the insoluble matter, 2.3, from the sulphate of 
lime and insoln][)l!e matter, we have sulphate of lime 130.80 
pcT cent., which is equivalent, as the I table will shew, to 
00.3 per cent, of carbonate of lime. • 

"I'ho amount of water as derived from a third portion was 
0.2 })(‘r ('(?nt. Our analysis therefore stands thus : — 


Composition in 100 parts — 

Carbonate of lime 90,3 

Carbonate of magnesia none 

Alumina * 1.2 

Insoluble matter 2.3 

Water 0.2 


100.0 

suljiluile of lime^ and also for calculaliufj (he carbonate of 



4 

S 

0 

1 .2 

l.Cdl^s 

‘J.OTtdiO 2. 2 9072 1 ii 

1 1 

3.737SS 


•i.lWliil 

S.(iS902' 4.12<;S2! r>.l61(>2 ,0.90242 

GM 1023 

iVJUKMi 


lo.aooll 12,120131 1 1.49013 m.rj(>oi7 

18.G3019 

rO‘2<U.5 

i.nr>()Go 

1 .70073 2.<» 10091 2.3SU>3’.32. 72120 

3.00 135 


amounts taken from the table, the value they are inteiided to 
have as units, tenths, hundreths, &(*., and then performing 
a siin])le ad<lition, wo get the amount of carbonate corres- 
ponding to the wdiolo quantity of the sulphate. 

The figures Avill st iud tijiis • — • 

Sidphate of lime 70.05 

• 

r)i.(;4(;2 

4.-l‘2(i82 

•OOOOOO 

3(»8902 

Carbonate of lime 56.1099102 
In the same maimer, 20.55 of magnesia will be found to 
be equivalent to 42.54 of carbonate of magnesia — thus : — 
Magnesia 20.55 

41.400 

00.000 

1.035 

1.03 


Carbonate of magnesia 42.538 
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As it may be sometimes convenient to cv^jporate the mag- 
nesian solution to dryness, ignite it, and IVoiTVlho sulphate of 
magnesia thus procifred, compute the magnesia or its carbo- 
nate — we have iiitrociuted into the table a coluinu to facilitate 
the calculations. 


XWII. — Kviraci of a Led vr from \\\ Snow Harris, h.sq. 
IMl.S., lo ^Sfr. ^V^ Siurtfeoii. 

Thv. siin])lic‘itv and convenience of mv j'lan of lixed ctai- 
ductors having Imtu in the year 1*^20 generally admitted, lh(‘ 
Navy J>e)ard were led lo inslitnti* some liirtluT inquiries into 
the general efleets of lightning on sliip-boanl and I was 
called upon to slu*w ihat the connc'xion of my conduclors 
with tho sm through the metallic masst's in th(‘ hull was in no 
wav detrimt'ntfd to their action, or liablt' to •)bji'elioii as iii- 
v(>lving any danger to tlic vessel — the ('leclrii‘al disi‘l)aig(’.s 
migbt as safely become disjtersed this way as by a liglilning 
chain bung in the rigging, ])crliaps more so, considering that 
these coiuhietors were massive and continuous, and linked 
with the various metallic masses in. tln.‘ hull and sea into om* 
general whoh\ 

i W’as further called n]>on to explain wl^ut had been tlu' or- 
dinary (Mairse of lightning on ship-board, and wiiat would, iu 
all probal>ility l.>e llic etleets of electrical diseliiirges iij'ion my 
condiielors. 

In order to meet the views of tlu', oflictn’s of tlu* Board, as 
made known lo mj* at that lime, I naturally i'nougb n‘.sort(Ml 
to such practical exjHTimeiits ami*‘o])S(‘rvations aj were within 
my roach, and calculated to Ixiar immediately upon the judnts 
in (jiieslioii : I cited numerous instances of slii])s slnudv l>y 
lightning, in wlpch heavy <liseharges had Ix'eii safcjly trans- 
mitted to the sea. through the intervention of th(‘ lojclson holts 
and otiior jm'tallic bodies ])ussing throiigli Ilielmll, and wliich 
\vcro shewn toliave, been of such frc{|uent occumaua'. as to h'ad 
to ii common observation among sailors, recordtal in tli(‘ IMii- 
losophical I’ransae.tions, tliat wluai the lightning had reached 
tlio w’oll the danger was over. By way of shewing th(‘, oj)cra- 
tion of wj/ <wkI ( fetors throtffjh the hfdt^ l*r('sort(Ml to the (xv- 
perimeut you lirst loosely notice — strong eliargi's from twenty- 
live S(|uaro fe(>t f)f coated glass wf're passed mcr a vtxsse'l's 
masts, fitted with tlie conduetews, so as lo sliew^ tlie perlcct 
facility with wdiich tlie charge; pervaded tlie hull and llu' sen 
at the same time : the charge; was adccpiate to tin; fusion of 15 
feet of small iron wire— percussion pow(h‘r was ])laced (uev 
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tlir. joints of tlu' conductors on tlic mast, and lliir sliding masts 
were i)ut in inotiofi at the time of tlic passing of the charge, 
and jdaced in dilfmcnt positions at each n^petition of the ex- 
]a^riment. 1 belioA e, any f>nc must peic/ive, that tlwi experi- 
ment shewed — 1st, Tlie ]»erfe(‘t operation of the conductor 
througli the hull. 2ud, Its continuity. 3rd, Its complete 
ojKuation, under every possible ])OSitiuii of tlie mast, whicli 

was ri‘C|nire<l to l>o <loiu‘. 

N oll, however, shut your eyes Jo these jflain deductions, 
and tell your readers that, the experiments ])Tove nothing 
])eculjar to my system oi‘ conductors, and serve only to 
shmv that cojijier is a conductor of eh’ctricity, and that 
detonating pinvdiT can bt' ignited by an electric sjiark ; 
and this is what you call giving a fair and candid ex- 
]>lanation of mv oxjieriments l^efore tl^i^ Navy Boaril at 
Plymouth.” Now, I nin ev asserted that any other coiiduetor 
itoi eoin i'v au eh'ctrieal charge to the sea. My expe- 
riments Avme iK'ViT iitslifiiied under suc h au impix'ssiou: they 
shvAved, liowevm*, the coiitiuuity of tiu' cojiper ])lates along 
tin* masts in the way I had dispi»sed tlumi ; for had detonating 
]>owdiir b(!en ])lae<Ml in a. similar way .about the 
in 'ns{\ it would have iiinaincd, if I'xposed to a similar charge. 
'These exjieviineiits wm*(i suhsecjuently camtal out in the 
’riianu's, ojiposito SoiiH'rset House, and again at Plymontli, 
on a vaay ('xtiaisivc^ scab', and in various ships of the navy, 
and w(*re. admittcal by all who witnessed them to have an iiii- 
portant b(*aving on tln^ question of marine lightning eoiidiietors. 

You inquire, wlu'tlier you have not jiointed out other expe- 
riments with w'bicdi I onr/Iti to have made the Navy Board 
accpiaintial ? Do you, lhen..*^‘ally imagine* that the .simple 
Hu ts to wdiicli^jon allude, and which an*, known to every tyro 
in electricity, w ere not also wa?ll known to the? ollieers of tlie 
Board ? 

Are you serious, when you say, I ought to hT^vv shewn the 
ollieers that a wire heated UKU-iiOT by oleetrieity U'oatd ignite 
gnnpoirder and that an iuterniptioii in the condux:tor, by a 
cut of a saw-, w ould cause an c;leetric S[)ark in tlie opening ? 
1 lowever Ignorant yon may su])j>ose the olliccrs of the Board 
to hiive liecm of this subject, they certainly understood the 
matti'r Viay much better than you appear to do ; they did not 
reipiire such boiTi-book inl'ormation : they mitered very fully 
iuto till', uu^rits of the question, and left no point unexjilored. 
Tliey reqiiircul of me iiifunnation respc*eting the relative con- 
dueting powers of ditferent metals ; their resjieetive resistance 
to fusion by electricity; the ratio in wdiicli they became heated 
either by the same or ditferent c[iiantitios of electricity ; the' 
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quantity required to lu'nt win's of difUTcnt diainrlcrs t(» tlir 
samo degroo, &c. &(*. Kxporinu'iils I'or tlil^ yc'vfoct elucida- 
tion of wiiiel}. in vnc^eling their views, I was ot)lig(‘d to inv(*nt 
now electrical a])]>ara^a^s, and exlii]>it the results in a way not 
l.)efore done-. ^ 

1 cinne now to tin? ex])oriniont you have chnracti'iised as 
shewing nothing luoia'. than tln^ ellects of gun])owder “hlowiiig 
asunder two ])i('(*es of wotul/’ This (‘xperinn'iit was niade. to 
iiK'cl llic iiKiniries of the Hoard as to the etfect of a conductor 
iiKur[)ov;a('(i with tin* ni;:st, in eonfiniiVf the tVtsrliariic /o /7.v 
sitr/'ttr<‘^ and ])reventing it /WoA* ('iiterni(f tlic v/ood. 

My hvst Illustrations VaTO confnied to small mndrls alxmt 
four or six inches in hnigtli, wliidi caaild In* spl/f/lered hy tla* 
force of a heavy hatltn-y, e.nd sffrn/ iV(nn daniage by tlu' 
cation of ne‘talli(^ h‘ai‘ along t!u? sinfact' ; hui bi'ing desiious 
to exhihit llu' sanil' n suit on a linger scit](‘, and slnnv liow 
eoin])let(‘ly tin* sffr/'ore conductor directed tin* cliarg<’ witbonl 
(‘iitcring tin’, interior, f tried the (‘\])erini<‘nt under new and 
very delicate, circuinstanci's. A model of a mast, abonl ten 
h'ft in haigih, was made in i>arts, and an inli'irnpU'd lim' ol‘ 
metal passed Ihroiff/h it, percussion ])owd(‘r being ])Ia(.M'd in 
llio inteiTU])tions ; a continn!>us comhictor was aftaeh(‘d to its 
ej'lerl())\ and iwth coniu’cted at a cemnnon point of junetiem 
outside the model, so as to give tln^ electrical shock the elioie*' 
of ])assing in the direction of eHJter or (ndh. hi lut case di»l 
the, heavu'st explosion viilcr llie mast wliilst tin* e.r/rrinr con- 
ductor remained. In fe.ct, it was safe both froni'a (lin'd, and 
what >\.u call a ‘lateral dischargt'.*’ 'rins result being first 
exhibited, tlio snperjicufi rniidifcfor was removed, and a. simi- 
lar cliarge passi'd in oixhu* to sIk'w by tlie exjdosion of tin*, 
ixjwder withiii, that the reason til fait i nr/ to r r/dode in tin* 

former case, mis v win f/ to the presence of the ewiefior ron- 
dtiefor, 

Now (his nisvlt, hearing so diiTctly on the application of 
eon due to IS to the iiia.sts, and whicli e.va’iy one will, I imagine, 
deem conc],usiv(^ and fair, you in ieftij earricatun* as the idow- 
inij asunder two pieces of wood hij panpowder f and a(*( us(,‘ 
me of endtiavouring to piwsuade the Hritish Association that it 
is a “fair nqweseutation of the effects of lightning on a ship’s 
mast;” and this you cat I also an er]danation?'‘ if vty c.r- 
pei'inienfs, ] can only account for such gross misn'pn'scnta- 
(ion hy supposing v.hiii, f l>elic.v(*, is afUa’ all, not far from 
tin:* truth, that you an^ n ally iynorant of the subject on which 
yo?i liave attdupted to write. 

'riuis in sec. 202 of your memoir, you say, “this kind of 
lateral discharge* will always taluj jdace when the vicinal bodies 
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arc snfiiciciitly capacious and near to the princii)al conductor 
which carries the primitive discliargc, or io tunj ofiU metallir 
ajtpotthiijvs and in sec. 108 and lOOjou say, that witli a 
small jar of a quart ca])acity only, “ can ]jr()diic(! lateral 
discharg<;jS, h;ill-inch long, ami at a ftisfance of .00 feet Ironi 
tlie direct iliscJtarfjr. 'J'liata discharges irom such i\ trotdd 
IM! r.vi'K a flash of lightning striking a similar conductor on a 
mast.” in my <*xp(‘rimt‘nr, wliich you so nuich abuse, ^yc 
h;iv(‘ actually aft the. aaiditiints yni yourself* jjoint out as es- 
S''ntial to file ('xhibitioii of^your oAvn n'siilfs, su])posing them 
to 1 ) 1 ' according to tiu' course of nature, ll^uv then does it 
IjapjH'n th.at we can ])ass the heaviest ‘'‘pinmllive discharges'’ 
along llu'. exti rior c-onduefor n ithaut l)t antj tnuj (Jfertiafj the 
dehaadinj/ ]tfnrd(‘r n'ifliin ? If what you say he* fnu‘, the. 
model sliould bi* blov/n a'Uiiider ia ceia^eqai^uce of the dis- 
( harijv passing dotot the exleriin' condaetor. However much, 
therefore', you may clioose to detract from this cxpc'iimeiit, it 
is by your (nvn adiuissioii com^bdeiit v. itli the course of Jiature. 
W hat would you ha\(' mori' } 

'i'liese t‘xp(’riments, to whleli you liavc; alhided, form only 
:t ])a;*t of lho,s(^ oiigiiialiy ('uijdoyed — there were a gr(‘at variety 
of olht'rs, such as lh(' dis]K'rsious of stri])s of h*af gold in cer- 
tain directions only, when phnaal in thi' same relative posilion 
as file (‘ondnetor on tlu' nuisi — tin* ex]iansiv(^ cfli'cls of thi^ 
clairge on vjjrioiis 1)0(li(;s — fusion of win's, and sueh like. In 
shoii, thi' series was as com.ph'b' as could be desiri’d : tbe e\- 
]K;riments wen; i xamiiu'il by a (bmniiitlee of tbe lb>yal Society, 
by Sir ]lum])lny Davy, Dr. ViUing, and Dr. Wollaston; the 
latl'cr i'liti’iv.il mimili'ly into the matter, and in a letter to tin; 
( ■omptroller of the Navy, tlu'.lTi his uftqualilied ap})roba- 

tion. 7 Huppose Dr. WoHashnffi jadt/wcat irilt he Cfaisidercd 
at feasr ef/aal to ynar oioi. 

You will excuse my i'ntering into the detail of my kite c'x- 
piabuents. Having hi'en for tlu' last ten yi*;Trs an observer of 
atinuspberic electricity, and having had an atinosjdieric con- 
ducUu* leading into my study, it would hi* remarkable, indeed, 
if J had allowed the common electrical kite to liave cscajKHl nu\ 

.Do you w'isli ‘‘ to ]icr.suadi; yoursi'lf” into a l)clief that ijour 
ocrasioual amasemeat icith this piece of phi tosophi cal appa- 
ratuft entitles you to become a pbilosopbical dictator ^ 

With wbatevi'r sclf-com]da(r(;iu v you may regard your cur 
l)loym(‘nt of tbe kitt*, tlu? etfeets you mentitm are renj comwon- 
place ^ and are </.s* distiuet from the eth'cts of a conci'ntrati'il 
flash of lightning striking a sliip, in tlio way de-scrilu'd by 
Lieutenant Sullivan, of the “ lieaghV' as it is ])ossihle fo he. 

You ask vie to what kind of idectrical action 1 attribute the. 
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bursting of tlic hoops in the Rodney,” &c. To no (jlcctri- 
cal action at all, properly so called ; but, Rriostly has 
already shewn, to the elleets of sudden expansion. Ho says, 
“the cause of this (i^persioii, &c. &c. of bodies in tlu^ neUjh- 
hourhood of olectricai explosions is not their being suddenly 
charged with elejctrieal matter, but the ah being" displaced 
suddenly, gives a concussion to all bodies that may happiai 
to be near.” Hid y^oii iirvt'r soo such effects illustrat(‘d by ar- 
tificial electricity ? Wliv, ^'veii children who use an electrical 
machine as a toy, are ac(]uainted \Yith the propulsion of a small 
ball from an ivory mortar, by the ex))ansive force in the sur- 
rounding air caused hy a dense s])avk. Surely, the exj)eri- 
ments detailed by Cuthhertson, to shew the bursting open of 
W'ood and other bodies, by^ the ('xpansivc efh'cts oJ' tliii elec- 
trical explosion, must be known to you* 

One would almost imagine by your puUiiig such a (jnestioii, 
that you wTre really uninformed in)on some of the coimiioiiest 
experiments in electricity. 

Your question, whether I think it “more jmideut to l(‘ad 
lightning into a sliij) or keep it out,” is a plain i)ieceof sophis- 
fry. If meant as an argument against my method of 
the electrical action upon the giaieral mass of the hull and 
eca^ is as deficient as any thing can b(‘. It is, like many otluu' 
similar efforts in your immioir, a deceptive and, sorry appeal 
lo ilia feqrs and prejudices of the ignouant, by im])osiug 
upon their credulity, and leading them to inuiginc that my 
conductors lead lightning in an explosive form hiU) the ship, 
and deposit it there as so much cargo, than whicli nothing 
can be more iallacious: almost every one acquainted wiili elec- 
tricity kiiow'S, that the great use f>£»a lightning conductor is to 
equalize, in a rapid waiy, dense" electrical disclunges, and so 
rob them of their explosive powTr by taking down their ten- 
sion. 

So far, therefcAH!, from my conductors heading lightning into 
the ship in the w'ay you would have it supposed, they virtually 
conic under, the jmident part” of your question, and keiq) 
off the (ixjdosiun altog(‘thcr, by depriving the charge of its 
mischievous tendency directly it strikes any where upon tlio 
conductors aloft. Now', it should never be forgotten as an 
irnpoitant feature in this discussion, that whenever we set 
set up an artificial elevation on the earth’s surface wc do, in 
fact, set up a conductor of electricity, that is to say, a light- 
ning conductor. The masts, themsclve.s, therefore, are already 
lightning conductors, passing necessarily into tlie body of the 
vessel, and upon these discharges of lightning will fall, who- 
tlier detached metallic bodies he present or not, or whether 
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they be furnished with incUillic conductors or not: this is 
proved by expejrience. TIk^ mast of a ship from its position 
alone, necessarily detennines a dischar^ of lightning upon 
the hull. Now, by perfecting the conflicting power of the 
masts, and connecting them with all the metallic masses in 
the hull and with the sea, wc so comjdett^ the conducting 
power of the whole, that an instantaneous distribution tiikes 
in all dm'rtlons, diroclly the i.xplosioii strikes the must 
Jiead, and tin? i*lectrleity is changefl imni(?diately, from a dense 
iorm, into (‘leciricily of comparatively little tension. 

Now witli ri?s])ect to tin? actual r(?sults of tlic trials of my 
comhuitors, Jlave. not tlie.s(? conductors, been tried in 1*2 
shii)s of the navy for as many years? have not these ships 
been in all parts of the world ? ha\e thc'y not all been e\})osed 
more, or h*.ss, to severe storms of lightnbig I 

Do not soiiK? of the oflicers who coinmaiuh?(l them, and 
others, ex])erienced men, iihsist on the of their shit)s 
having been struck by lightning iu tlu?usual Avay (Itn/i- 

.///cy Convinc(?d of the proie(‘tion my conductors alford, 
have not tin? cajitains of ships iitting for service, repeatedly 
ii])pli(?d to the Lords of the admiralty to la? funlshcd with them ? 
duH ijoii point oni ant/ instanro, in which inconrenionce or 
(lantaf/e iwison in tlK‘S(? ships duriiig this lapse of time? 
J'he main argument oi* your quesion, therefore, is veally 
ausw'(?red by the results of (\X))eriencc ; if you have any 
(/ood fact to op])osc to these, of what avail is iuiy///cerc//c7^/ ob- 
jection to tlie use of my conductors you may lind it convkmknt 
to set up. It must be (jiiiti? apjianait, that iny method of de- 
J'emling shipiuug from lightning is based on admitted princi- 
ples in science^ and is, .^eiitlf, as free from theoretical 
ol)jt?ction as Sny other method. A lightning rod as a dofenci* 
from liglttning, is, under any form, nothing hut a means of 
rendering more ellicient th(? conducting power of the general 
mass — so as to admit of such intense discharges being readily 
dis])ersed, tvhicli w^ould otlu?rwise by causing an expluaire 
expamitr Jortr, produce damage. 

According to the Experiments of the learned Mr. Cavendish, 
the chances of esca])e from Lightning is in //z/s* increased 
by at least four hundred million to one, even with a conductor 
of iron. 

The letter iu your Annals, sighed W. Pringle Green, is 
really not w^orth my notice! llis ridiculous queries have been 
so often bei'ore the public so often answered, that I ciumot 
really notice them again. I must decline all intercourse with 
him in the shiq)c of con*espondence, and for this plain reason 
— I caiuiot pjace the slightest confukiicc iu any thing he 
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advances. .But, lest I should be thought hr.rsh in making this 
assertion without ap})aront trutli, I will giveiilow cxani])los of 
Ills resjx'ei for acciipACv, and 1 will leave it even t<»your ‘‘can- 
dour’’ to say how' liK f am right. 

1st. In the Mechanic’s Magazine, vol Vfll, 280, cjid 
in other place's, Lieutc'uant (ireen siatt'S that the conductor ol‘ 
St. PauVs Cathedral, the /ffn/rst ever i>ut u]), was, by a moderate. 
Hash of lightning, heated m/ haf^ and IhereJoi'C judiciously 
removed as DANtiKUors an^i liSKLKSs. 

That the eondueiors of St, IVmrsclnirch have been naiioviul 
is a most sliameh'ss assertion. Neither have we good e\ idenet*. 
lor supposing it to luive l)cnai luathw/v/ 7/^)/ — this 1 liav(' shtuvn 
in my pa]Hu\s in tlu* Nautical Magazine- -at all evtugs, i( it 
liad been, it could not liavc from a mo(hu*ale stroke ol 

liglitniug, as sfat(*(l hy Mr. (in'cii. 

2nd. In tlu; :\Iecljanics’ JMagazimg vol. viii. ])age 13, and 
in a varit^ty t)f otlu'r ])laces, such as the. ])ul>li(‘ iicu's])a]»ers* — 
in a pam])hlet hy ])ims('lf, lai uienaiil (Preen state's, II. M.Sliij 
•‘Kent” and ‘VlVrscv<*iauce wore struck by lightning and 
damaged, aUluaigh l)aving coifdurlors a I I lie iime. In tin* 
‘'■Kt'ut,” lie says, threi^ uk'ii were, killed and several wi>un(le(l, 
and the masts mui‘]i damaged. .At tins time, he sa\s, ‘"‘two 
conductors were up, and tliere w('re mort^ tluiii 20 sail ol 11. M. 
Sliips in com]uniy, and }iear f/te Kiait, n ilh<u(l conductors, 
iunie of'u'ltich trere iujured!'^ Not liiidiug a w'ord about the 
<-ouduclors in the. shi])’s log, I remonstnited wath liieutcmiut. 
Crt'en on the. subject, wdieu he again ri*])eaied tht'. assertion ;it 
page 2S7, where he says, that he Tiamed ilie ca])taius of tlic 
ships, ajid that “more than one liumhed oilka'rs and a tljou- 
sand si’auicn wdtni'ssi'd the 

"Jlie subject having been inve.stigaied hy thi' Admiralty Com- 
mitti'.e, it ay)])eared by lett(?rs from faiptain Codfrey of the. 
navy, and Admiral Cardon, the former in the “ Kent” at the 
time, the latter in the. “Perseverance,” that these statements 
made by Jaenlenant Crceii are vtlerhj uuj'ouudeil. Ca])tain 
(jrodfn' 3 ^ yiixs, that (hi^ Kent iisualU' had the conductors uj) ; 
but having been damaged, tbc'y bad been laid asi(l(\ Admiral 
Cardon, wdio w'as in the I\'.rs(*vcrancc, also aflirms, that they 
had not a conductor in the ship. Lieutenant (iri'en talks 
of “ imposing gross decejHions cm the naval servicii and the 
public.” Pray, what docs be call this i 

‘3rd. In Ins Icttiir in your last Number, page 230, he refers 
to the Naval Chronicle, vol i. page 201, as c»\ idence to shew^, 
that my plan has boon copitai from Mr. Marrot. Now in the 
^irst place, there, is no mention made there of any sucli ])erson ; 
and secondly, the memoir to be found thc're bv the celebrated 
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iMH'itcljinan JiC IJoy, does not eoiitiiin one word about liglitiiinj^ 
eonductors fixed in the masts, 

4tli. In tin? siftne letter, and the same ])ag<* 830, Lieutenant 
(ink'll says, “by my rejueseiilation ofthes^ lliets, tli(^ i?xisting 
Hoard ol‘ Admiralty, eounlennanded t]i(?^^avy Jloard’s order, 
In (^her ])]aees e. g. in liis ])am|)h1et al.'ove-mentioiied, 
in the Alechanics’ Magazim^, ‘28S, lie takes eivdit to liimself 
for having through Ins inlluciuM'. with the Board of Admiralty, 
( aused my ]>lan to be laid aside. In order to ascM'rtain if such 
wcr(^ really the <‘ase, I wrote lately an otlicial letter to the 
Hoard, n^iuTiiig to Li(Mitenant C«rt‘eii’s assertion in your work, 
ami in other i5lae(\s, 4’he iollowing is tlui eo])y of th(‘ huter 
rect'ivcd in rt‘ply: — 

Adniirahy, Uth March, 1810 . 

Siu, — in iv]>ly to your lett(n‘ of the 3rd instant, 1 am eoiii- 
rnamkal by tli(' Jiords, ( 'ouuiiissiouers of tin; Admirally, to 
a<‘(juaint ytm that it <loes not aj>]>ear by the na-ords of this 
oilier', that tlu'ir .Lor(h.hi]*s W(‘r{^ in ;iny vrey iiidnc(‘d to lay 
asidr* your lightning condiietors, by any re])re.sr‘ntatiows .ot 
Ijir utenant (jlivtm, or any otluT persons, and that that oilican* 
is not authoiized to make such stuleimaits.- 

1 am, sir, yoiirhnmhle servant, 

W. SNOW llAiniJS, Ksq. Signed, .iOllN BARLOW. 

ruh, IvienU'iiant Oreen state's ])fige 'i32 of yonr last ninuhm'’ 
and i'lsewliere, that my condnetors are led ihrougl? the alter 
magazimvl' — this he lias always insisted in, and has given a 
dravring to that ^’flect. Will any of the. thousands who have 
been at sr'a in the ships lilted with my eonduetors say that this 
is true } 

'riu'se are a few of the nu.j//‘jtyus^*C(‘})tirWis wliieh app(‘ar 
in liieiitenant^OieeiLs prodnelions. 1 do not think it v;orth 
wliile to ffite any more. A brief notice of bis style of reasoii- 
iiig and 1 havt* dom*. 

In file Ab?ebanic\s Magazine, vol. viii. page M I, in ord(T to 
shew the danger or condneU)rs, he stat(\'^, that tlu^ setting up 
of certain pointed rods in riaiisanne, in 18:25, was- tlu‘ cause 
of a lerrihle storm wliieh ha]>pem.'d there in 18*24 — that is just 
one yr'ar (f/trr the storm lia])])e.iu’(I. 'This logic is based upon 
(‘xtracts from newspa|)ers, in which the dates an* given, and 
hv wluit he calls an ('xplaiiatiou in ]>ag(‘ 285, he makes the 
storm ha])p(‘u three years before the rods were set up, which he 
says was the eatise of it, • 

* Sec Meehaiijc’s Magazine, vol. fill, j>age 237. 

j- Whatever might he the cause lor rliseoiiti lining Mr. Harris’s eonductors 
in several men of -war which had heen I’liruishcd with them, it is a laet that 
such was the case, as will appear by the appendix to this letter. — Kpit 
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In a newspaper called the Nautical Register, in which he 
wrote against iny conductors in 1822, amongst a most luxu- 
riant variety of contradictory matter, he has ihis remarkahlc 
passage : ‘‘Tlie following statement will hear me out in what I 
have .advanced, thatv^'o man ever didj or will exist, who can 
inrefd anjjlJiing la (jnard ships from the direfuL effects of 
li(lhltlin(j'' He goes on to say : — “ In the year 1801* or 1802, 
I L M Sliip Cleopatra was at ;inchor about 80 miles from Vera 
Cruz ; early in the ('veiling it commenced to rain, with thun- 
der, &c. *Thc conductor Was ordiuTd by the captain to be 
IioIsUmI at tin; iiiizcm masthead, and from the time of its being 
hoisted until the morning did streams of electric Jluid con- 
tinue to run down it into the. sea.” Well, was the ship in- 
jured? Not in the least Still this is to ])iove no man did, 
or ever will inreni anything to guard ships from tlic direliil 
('ffocts of lightning IJ . ! 

I am, Sir, your obediemt sen^ant, 
WILLIAM SNOW UAIIRIS. 

Plymouth, March 10, 1810. 


APPENDIX. 


Copj of a cif.resjmudence vAth Ili'ar Admiral Warren^ Admiral Super mlcndent 
of the Plynioulh Dock Yard. 


“Plymouth, 13lh March, 1S38. 


“Sir, 

“ As several of her maiesty’s ships tilted with my new liijhliiing con- 
ductors have been j»ai(l oH' at llieir spars returned to the <loek 

yard, T should he mucli ohli.i^cd by your informing me whclheY the conductors 
still remain in them } Whether any having the conductors have been /e-issued ? 
Wliether, in the ca.se of their having Ixjeii removed from any cause, they have 
l)ecii refitted in anotlier ship, or have been duly set aside for that purpose ? as 
also, whether any spars with tlie conductors in them are yet remaining in 
store. 


“lam, Sir, 

“ Your very obedient servant, 
W, Snow Harris.” 


“ Sir, 


“ Plymouth Yard, 16lh March, 1838. 


to ^ 
store, 


“As Te(|ueste(l ]»y your letter of the J3th instant, I beg to enclose 
you a report of the particulars therein* required, respecting the spars in 
ire, fitted with lightning conductors, on tlic plan suggested by you. 


“ I am, &c. &c. 

(Signed by the Admiral SuperintcndeiU.) 
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Copy of the Report to the Master ShiptvrigJU, 

9 

• “ Plymouth Dock Yard, 15tli March, 1838. 

“ Sir, 

“ III reference to the questions 
the 13th instant, I bcff to state : — 

‘Msl. That the conductors in the spars of ships paid off at this port hare 
been removed, with the exception of five top-gallant masts rcturnea from tllO 
Forte, wliich are novy in store, the conductors remaining in them. 

“2iid. No spars have been re-issiicd with the conductors remaining fixed. 

‘‘ 3rd. The conductors wliich have been removed, from whatever cause, 
have not been rt Jilted to other ships ^ hut returned into store in common with 
other old copper*^ • 

“ Mr. Harris’s foiirtli question appears to be answered in the first para- 
graph of this memento.” 

“ (Signed) J. F. Hawkes> 

J. Shaw.” 

To the Master Shipwright.” 

In eousciiuence of tlii.s correspondence, I addressed the following letter to 
Sir J. Barrow, who hail previously favored me with an interview on the 
subject. 

Plymouth, 10th March, 1838.” 

Mv dear Sir, 

‘‘ I w'rote to admiral Warren soon after my return. You will 
soon see by the copy of the correspondence liereivith transmitted, tliat the new 
lightning conductors have been, with a few trifling cxccjitions, all torn out of 
tlic masts and throivn by in a somewhat, contemptuous way as old copper: 
thus, the jilates which might have been very well replaced in other ships, 
have not even been taken care of. 'Hie correspondence with admiral Warren 
is very brief, and will not cost you live minutes attention.” 

After the explanation you were so good as to favor me with*respecting 
eondnctor.s 1 cannot hut believe you would wisli to Jiave me fairly dealt by iu 
this matter ; and J should hope that the Board w^ould not, on a review of the 
f.icts, tn.at me ungenerously. Iiet us then see in as few words as possibte how 
the matter stands in vclatiou to the Admiralty, the country, and myself.” 

1st. Tt is an admitted fact, that shijis may be burtu’d and destroyed by 
lufklning ; the log j of the navy shew tliat ibisj^y no m» 4 ans improbable, and 
that some missing ships may b ive peii this cause. They exhibit a 
less of life, of damage, aiul los.s of services of ships at critical periods, not 
generally a^qiireeiated : widl then, this subject has been deemed of sufficient 
consequence to engage tlie attention of scientific persons for more than hall* 
a century, and some steps lia\e been taken to palliate the ejects of lightning 
on ship board. The racthoc*s proposed have been inadequate in some way for 
the damage has continued up to the present time ; notwithstanding that 
buildings on land have been protected from this source of danger*” 

“’2ud. In the year 1820 I investigated practically this question, and shewed 
how the fixed continuous conductors of Franklin might bo rendered available 
on ship board, and how by a perfect system of conduction throughout the hull, 
all the protection which could possibly be obtained- from admitted scientific 
priciples, would be arrived at.” 

“ 3rd. My proposals were eventually carried into eftcct in eleven ships of 
the navy, and the results lias been as perfect as could be hoped for. The 
written testimonies of officers in qommaml of the ships, prove that they have 
been exposed to heavy thunder stormy 5 that they have been actually struck 
by the electric fluid, without in any ease receiving the slightest damage : thus, 
not only shewing that the conductors arc unobjectionable, but actually 
useful.” 

4ih. The conductors not only stand upon this, but tlicy are siipporte*! by 
the avowed opinions of some of the mo.st talented men in science the country 

VoL. V. — No* 27, Septemherj 1840. 2 E 
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has to boast of : almost erery naval ofliccr, U» whom the conductors arc known 
is desirous to have them, and many have applied for dial purpose; and tliis 
feeling prevails even with the sailors who were at sea iiit-the ships fitted with 
them, as, for instance, in the Beagle and Dryad.” 

“ dth. In the face of Ml ^^his how does the matter actually stand at this pre- 
sent instant } W'hy thus, xhe sliips in whu'h the eunductors were fitted, have 
been nearly all paid tlic plates, haw been commonly torn out of the masts'^ 
and thrown hy as uhiyopper, and no notice taken of it. A grea'f national ex- 
periment has been abandoned^ and the results lost to tlie country, without any 
assignable reason, williout ciiquirv. An experiment of great consc<piL*iiee to 
our coiniucrcial and naval prosperity, ami one which has occupied the atten- 
tion of the scientific part of Kurqpe fiir njiwards of 70 years.’* 

“ Can the alVair possibly vest hero ; 1 am sure this could not he the serious 
intention of the Board ; nevertheless, surth is the actual slate of the question 
in relation to the Admiralty and the country.” 

“(>th. In resjicci, to myself, 1 must nei'cssarily feci the eireuinstanees ahovi; 
detailed to he very severe, and uncalled for by any thing on my ]>art : it is 
always difficult to speak of one’s self ; tlierc arc however some ease s in wliieh 
W'e are called ujxui to do so ; this .ajqiears he one of them; audit it be 
done with beronuTig diffi<lenee, f trust yon will cxcusC it.” 

It is well known, tliat so far as ability lias enahhd me, I have, for many 
years cultivated with great zeal, ex]H‘rimcntal science ; and liave not spared 
thno, toi7, or money, in doing so, as I believe my papers in the ‘ Philosojdjical 
'rransactioiLs’ fully shew ; indeed, the Royal Society marked their sense of 
iny contributions to the pages of the ‘ Tran.sactions,* l>y awarding me their 
Copley medal in IHltO. J\Jany of my re.searehes in elei iricity and iniignelisin 
have been of practical advantage to the navy ; 1 may claim therefore, at the 
hands of the Board sonn? little attention.” 

Now”, in perfecting the application of coiidnclors in ships, 1 have incurred, 
not oidy a very serious rcsponsibilit}', hut a wry heavy expense. yon<*an- 
not but believe, that if any damage had ]ia]>peiied, eitiier to the ships iitled 
w'ilh the conductors, or even to the buildings at the Victualling office at 
Plyinoulfe, (which I should remark, were protected from liglitning under iny 
direction,) 1 must have been the person held res])onsible with the public. Is 
it right that one who snccessfully labors to pronfotc the national seit net', 
and whose services have been advantageously nseil for the general good of the 
navy, should he passed !)y with eoldiiess and iiegleet ? llere are these e(m- 
duelors, notwithstanding the many documents and facts conclusive ot' llu ir 
value, thrown unceremoniously aside as old co])per, and no notice taken of it : 
surely, without any claim 1 V c^v^liave^ie eojjsideration of the Board on tiie 
ground of general science, this it'uiust be udjnitted ha.s,the appearance of 
dealing soiiicwbat unjustly by me. I cannot but b»;licve, that in staling 
thus freely all I have to say to yon, 1 am appealing to one wlffi has himself 
done imicVi fortlic literary honour of our country, and w'ho, anxious for the 
advancement of %natural knowledge, must necessarily feel well-disposed to 
promote an enquiry into such a case. When we consider the resources «)f this 
powerful nation, and how much its interest is involved in its naval and com- 
mercial prosperity, it surely eannothc on account of a thousand o.’ two pounds 
that an invention of praclieal advantage to the navy is laid aside.” 

“ I trust you will he so good as to bring this matter under the consideration 
of the Board, and will do me the justice to believe, that I desire nothing 
w'hicli may not come fairly and openly before the country, without any kind 
of reservation whatever.” 

“ I am dear Sir, &e. &e, 

W. SNOW HARRIS. 


Sir John Barrow made a courteous reply to this communication : the mat- 
ter, however, eventually terminated in nothing more than the fitting of the 
Acteoii, without my knowledge, in the w.iy before explained, sec. l!l, [lagc U. 
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Vopif of correspondence with the Admiralty, on the subject of an extract frmn 
a report on the conductors to the Admiralty, from the Officers 
• of the Plymouth Dock Yard. 

“ AdiniraHy, ,12th December, 1837, 

“ Sir, / 

“ rofcrc-nce to former correspondence upon the subject of your 
lightnincf condiiclors, I Jim commanded by my Lords (J/)nimissioucrs of the 
Adiiiirally to traiismil to you the accompanying extract of a report from 
Plymouth Dock Yard, relative to the state of tlic masts of the Caledonia, in 
which the conductors w'cre fitted. 

• “ 1 am, ike. &.C., 

« ‘‘C. WOOD.” 

W. Snow Harris, Lsq.’* 


flxfract of a report front the Officers of Plymouth Dock Y^ard, dated €)th 

December, Js37. 

'■\Vc beg to accpiaiiit you llial tlui c*oiu!ii<‘t.irs havifbecii removod from all 
tlie spars returned from the (.’alcdouia; that the main-top mast lias been con- 
vt'rlod to a lu’ig’s niain-maist ; the fore and main-top gallant masts have been 
appropriated to jury gear; and that owing to llic scores left in the spars by 
the removal of the conductors, it will lie necessary to reduce them before they 
ho rc-isbued.’’ * 


‘^Plymouth, IGth December, 1837. 


“ Sir, 

I fool much indclited to the IawIs C’oinmissionors of the Admi- 
ralty for the ex.tract of tlio report from the Plymouth Dock Yard, relative 
lo the state of the masts of the Oah donia, htted w ill; my lightnipg conduc- 
tors ; and hope to be permitted lo offer the following remarks on it, whK'h 
tlicir lonlships will, 1 trust, take into their candid ronsiileration. 

‘‘ i find on imjiiiry, since I was honoured with their lordships' communica- 
tion, that when llie Caledonia was disiiiantle<l . 

“ Isl. 'I'liat her thri'c working lop-masts, having been in the ship for more 
than seven years, were so rubbed in the caps and otherwise wuni, that they 
wer<‘ not eoiisidere<l lit for further se: • 

“2nd. 'fhat mf kind of defect was discovered arising out of the application 
(»f liglitniiJif conductors; that so far as the conductors were concerned, the 
masts might have been ttyain used, 

“ We learn, therofi>re, from iheso facts, that the conductors remained per- 
fect in the masts ui> to llie time of the masts being consifkrtd no longer ser- 
viceable, aiul that since the plates of copper were still good, they might, 
cnnsc<inently, he re-applied to other masts of the same dimensions ; without 
any new expense except in labour. • 

“3rd. Tliat the three spare top-masts, at sea in the ship for more tlian se- 
ven years, were returned into the store us serviceable top-masts, and might, if 
they had been permitted to remain in the same state in w hich tliev were re- 
turned, have been re-issiied, either to the Caledonia or to another ship of her 
class, without the iiecossitv of any' alteration whatever. 'I'hat for some rea- 
son not explained, the plates were taken out of the masts, and, of course, as 
a necessary eonseqnenee, the shallow groove in whicli they were inserted lelt 
exposed. * 

As tlicsc spars ■were never intendlMl to be used without the conductors, any 
reduction contingent upon their removal was a matter of choice, such removal 
being quite uncailcdfor. , 

1 would still, however, respectfully submit to their lordships, tJiat cron 
although the plates should be removed, a reduction of the spar is not abso- 
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lately necessary ; for if an oak batten was inserted in the grove, in place of 
the eop|)fr, and the whole planed off fair with the round of the mast, 1 am 
prepared to shew that the spar would be as serviceable as at first. 

Admitting, however, that the spar must he reduced, it is still not neces- 
sary to do more than pair oj’ the small projection of the groove, (which is, after 
all, very little more than\). quarter of an inch iu depth,) the diminution of 
strengtli by this is really inconsiderable, and the mast might still be rc-issue<l. 
The ^partiate’s jib-boom, for exami>le, was re-issued in this way, and, 1 be- 
lieve, answered well' 

That iu the conversion of the top-mast to a brig’s main-mast^ the 
requisite reduction carried all round the spar was nut so great on account of 
the groove as was found necessary bring the spar down to the required size, 

‘‘ Should it ever be requisite to convert a loj>-inast once fitletl with my con- 
ductors to any other purpose, the neccsss.ry reduction is always niueli more 
than is contingent upon the groove for the lightning conductors. 

“Their lordships' will, 1 am sure, allow, that if after more than seven 
years, the wood was, on the removal the copper plates, found so perfect as 
to admit of the mast being converted into so important a spar as a brig’s main- 
mast, we have not much to complain of on account of the application of the 
conductor. 

“ I would in coiicliisihii res])oetfully call their lordship’s attention to the 
fact, that out of eleven ships fitted with tlni new conductors, few, 1 believe, 
now remain in commission, except the Beagle.* That althongli on being 
dismantled, their spars, with the conductors in them, remained perfect, ainl 
.so far as the conductors were eoncernctl, lit to be re-issued, yet, in several 
instances which have come to ray kncnvlcdgc, the conductors have been taken 
out of the masts, and the masts used for various purposes. T have no doubt 
the mast makers can explain why they have been led to do this in many eases, 
but w'hy they have done so in others tloes not immediately appear ; as no com- 
plaint has ever been made of the eouduetors .so far as the masts were concerned, 
and that without any additional expense to the couiilry the serviceable ma.sts 
might still have been applied in the same way, and many ships been fur 
jiished with this protection from lighlniiig.” 

“ It is well known to tlieir lordships that the Beagle was full five years on 
service, and that yet she has gone to sea willi the same spars ami conductors 
in them, on an equally long voyage, with the eKccpUon of new top-gallant 
masts.” 

“ I cannot hut respectfully bespeak their lordshijis’ attention to these facts.” 

“ And remain, Sir. ^^e, ^c., 

• ' a*,. ...m* WM. SiSOW irARRlS. ' 

“ To Charles Wood, Esq., M.i’., &c., ixc.” • 


XXVIII. — M/. W. Stuik’.kon’s Letter to VV. Snow 
IIahiiis, Esq. F. R. S. 

• 

Sir, — I hope you will acknowledge that 1 have given 2 >uh- 
licity to every part of your letter, that can possibly be useful 
either to yourself, or to the cause of yoiu: marine lightning 
conductors ; to havtj i)ublishcd the other ])art of your letter, 
cpuld have answered no laudable j>ur])ose whatever. 1 can 
have but very little to say in rejdy, as the ojiinions which I 
have already entertained, and which are already beforii the 
public, arc not in tlie least affected by any facts which your 
letter contains. Your answers to the queries in iny letter are 

* That it. to cay, hi vliich tljc (oinludur'% dill rt maiti ptift.-ol. 
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partly satisfactory ^ancl partly otherwise. Your explanation of 
the expansive ^^ffccts of lightning arc perfectly satisfactorj , 
because you neccvssarily admit that lightning was the primitive 
cause, which admits of tlic correctness KjJ' all 1 have said res- 
pecting a lateral dhehanje iS\k\ first kind.'^- 

Your explanation of the reasons wliich led you to proceed 
in the manner yon did with the i‘X))crimcnt.s at Plymouth, 
before the Navy lloard, appear tome anything hut satisfactor\\ 
That your conductor on boaid aaiisa cutter, was perfect 
enough to carry those? electric charge's which you transmitted 
through it, there can ho no donht whatever ; hut, that it shewed 
any peculiar advantage of action m er oilier c(?uductors I must 
still deny ; although yinisay that, I shut my eyes to these plain 
deductions^ and tell my readers that the experiments prove 
nothiny jtecuHar to your system of coniluclors, Now 

his sentencii of yours, ol)riously implic^sa claim of somi^ pecu- 
liar advantage of your system ofconduc tors being demonstrated 
by tliose very experiments* and a censnn? n]>on me for not 
t('lling niy rc'udc'rs that such w as tla^ c ase. Had 1 said anything 
othcawas'* tlian that which I did say respeeting the character 
of the Plymouth e\periim*nts, [ shonld liavi'. told iny readers 
anuntrmh; and J thinh that not only iny readers, but your 
readers also, wall sim? jiretty cdearly, that I was perfectly cor- 
ria.t, ill stating that tliose expcaaments arc no more illiista- 
live' of the etHcai'y of Mr. Harris's system than of<my other 
c\ (‘i* } et oilcred to public notice,” wliiar 1 point out to them 
your own words on tliis matter, which are the following. 

Now 1 never asserted that any other conductor muuld not 
convey an c'lectrical c'hargc to the' sea. IMy cxjierhueuls wore 
never instituted under such an inline on.” I am smo that 
both of our •readers will be liiuch pleased to find that you 
have so i^bly set this matter at rest. 

With respect to the horn boolv”t work which you speak 
of, I. have no means of knowing anything ftnther than that 
which the' character of your cxpcrinicuts indicates, whicli, to 
an electrician, would not ajipear very conclusi\i.x And the 
reason you liave given for employing gunpowder to sliow’^ the 
effects of lightning on a ship’s mast, arc cjuite unsatisfactory. 
Had ycHi continued your illustrations on the small model, 
which for the first lime, you now speak of, they would hav e been 
ficrfectly satisfactory. It is an old ex])erjmcnt and quite con- 
clusive ; but I must certainly still indulge iii the opinion tliat your 
ynnpowder experiment w as •not only quite out of place, but 

* Fourth Memoir, |viragraph 130, page 174, vol. iv. of these Annals. 

+ Fourth Memoir, page lOO, vol. iv. of these Annals. 

Mr. iJarris's Jettof, page 5J00. of tjiis Number. 
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tended to give a false idea of the nature of th^ action by which 
masses of wood iU’c cleft by flashes of lightnings’ 

1 am of opinion, also, that you are led into error evc'u 

under the new and very delicate cirtunnstanees'*’ by whicli 
you tried the experiment/’^' For if tlie detonating j>owder 
did not lire in the inlerntjded partof tlui circuit, by your c.x- 
]ierimeut, tliat can be no v(*ry decisive reason wliy it should 
In; so extnnnely obstinate in other hands. “ horn 

1)001/’ infonus me that each branch of the c«)nductor will cany 
a portion of tlic charge if suHicienlly ])owerful, and the iuttu-- 
ruption in one branch of the c oiuhielor be only small. 

Your view of my “lateral disebage” at a. of oO 

/Jy7 from (In? direct discJiarf/e^ scu'ins to 1 kiv(‘ li'd you into 
SOUK? consid(M-abl(? error cohc<n*uing lateral discharges in the 
body of a ship from^ diri'ct <lis(‘harges tlirongh my systt?iii ol 
eoiidiiclors in the rigging. 1 think that I have slabfd pretty 
clearly that this 50 fe(‘t, was 50 fm't oi‘ metalhc, win', (se(* 
page 175, yol. iv, of tliese Annals); and 1 iKiver yet uiuha'shjod 
that then' was a direct metallic* communication between the* out- 
si <le of a ship and h(?r powder magazine !!! or that tin' oiu' was \ lay 
near to tlic'oUier: a])d 1 tliinivyou will admit that the distance? 
of your camductors iVom the magazhu' is yta v trifling indeed, 
wln n coinjmred with the distance between the latter and the' 
outside' of tin? vessed. 

IVl oree.n«er, the distribution of m> conductors in the? rigging; 
is such that every Hash of lighiulng* wliich struck tln?m, wordd 
he ('(pially distribute'd amongst tlh iii he'fnre it arrived at iIk' 
body of tin* shi]j : so that a small fractional ]>art onl>, would 
be carrieal by any one; of the lowe*r 1)ranche?s : and as e?a('h 
branch conductor woiihb ^ijtv <m equal sluin', the? fon'e s ein 
the? two side's of the shi]> woiifcl lie se) couqilete'ly halaiu?e*d as 
to neutralize eacli others action on hodieis ])]ace'd directly 
be'twe'oii the'in, not only as ve'garels lateral discltaryesy but also 
as regards tlie iiiagnetic actiem e»f he'avy llaslies of lightning : 
for ahliougli an e'k?ctric discharge Iravt'rsing a. single con- 
ductor, will mngn(?tjze a ferruginous body, a nee?<lle?, for 
instance', jilaci'd within the sjdiere of its action, no dis- 
cliarge? of (?lcctricity which passed equally on bolh sides of the 
needles would magnetize it: because one part of tlu? elex?tro- 
inagnetic action would counteract the other ])art of it, and 
they would mutually ni'iitralize each oth(?rs efl'ects. 

In regard to ^M)r. Wollaston’s judgement” on matters of 
pliilosophy, I shall always liave ar great vi?neration, and what- 
evt'r degree of apjirobution he may have lia])j)(?ned te) confer 
upon your conductors,! should liave fouud ve?ry little elifliculty 
in making that pliilosplier se^nsible of the dange'rous effects f)f 
* Mr. IhirrisVs letter, pa^v 210 of this Niiiiiber, 
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their electro-magnetic powers when traversed by heavy llasluis 
of lightning. T^hisJissuch a sim])le and common ‘^lorn-book’’ 
aliiiir, yet such an importiint consid(iration in the* dispositiem of 
maiiiKi ligldning conductors, that its oi|iission in th() re]K>rt of 
the committee is an crenf in British science, whicli leaves you 
and the cotfucillorfij in no V(»ry cmviable position. 

And althoiigli it may not liave occurn'd to you before, that tlj(‘ 
situation of your condu(‘tf>rs would giva^ them a most dangerous 
iunuence on the eJironometors and com}>asses of the, shi]), y('i 
now that 1 liave ch'arly pointed out tlu* fact, it beliov(‘s you, 
at this critical jaaiod, to jiiiike known to the Admimlty tlial. 
such is lh(‘ cas(*, in order that souu' means my y la* adojued to 
lirevciil those serious (;oiist‘(juenccs uliich. your system of 

conductors c an lianlly tail lo ))n»(luce. 

I do not iind that any otiua* }jart of \onr letter re(juiri*s mv 
notic(‘, and as I. liave met every other i‘lS>rt wliieli vou liavi; 
made in 1‘avour of yoiiv conductors, in my former Icttca's, 
williout experiencing the slightest reason f(H* alti'iing mv iirst 
slalt'iiienis, made in my fourth iiKsnoir, I necessarily eomdndc* 
lh(‘ diseussiiin, un(h*r tlie same inijiressions as tliose with which 
I began, d’ia* errors into which you have aceasionally fallen 
ill ihost* pa]Hn’S which you have*, jaiblishedsiiu i* the a]i]i('araiicc 
of my liaivth uuauoir, have certainly tcndc’d lo reetilV inv 
ibniicr views of your mode, of ^ihilosophical reasoning, which, 1 
bc‘lu‘vc, is the only remuneration I niaal ('.x])ec.t ; unless, imleed, 
my (xxposun* of the dangerous lemleucy of your lightning 
comhicUirsmay iiiduca* those in aiilhorily to ]>aiise, and rc-inves- 
ligati* the whole subject, “ before any decisive ste])s may be 
taken for illling out the briiisli iKa't with any lightning con- 
(liu tors w'hati‘\ er. And as J have si^me laaison lor su])posiTig 
dial such wijl la* the, case*, I ai * .uiTl in 1u)]k‘s of cxja'ricnciiig 
ilie grey^t satisiliction oi' laning bi*en in.struiiuaital in a\ citing 
those p<*rsoual and national calaniitie'S, wliicdi, in every ]>voha- 
liilily w’ould occur fnmi the* etUa is ot' lighmiin^, were, our fleet 
be, liirnisbed with eonduetors sucli as ymi Iiunc ]n*o]>osecl, 
And should 1 eweu he disa]>])oiiited in tliat iiarip ular, it will 
abvays Ixj a gratilying retleetioii that 1 have ]a.)inteil out tlie 
nu'aiis w'luu’oby those dangers might he avi'ited, at an oxja nse 
of Utile more* than the lirst cost of the material; and without 
detaining any ship in harbour, or causing any othe r obstruction 
ill the. ])erfonnance of any part of lua* duty, wliatever may be* 
the. iKituiv of her scnice, and on whatever station slie mav 
happen to be placed. , 

I have ilic honor to he*. 

Sir, 

Your obedient St*rvaiif, 

VV. vSTUKGEON 


W. S. Hanis, Es(|. 
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XXIX. — On the cause of the change in colour which takes 

place in certain substances under the influence of Heat . — 

Dy C. S. SCHOENBfSIN. 

It has not fallen within the power of man, up to the pre- 
sent time, to determine the relation which exists between the 
chemical nature of a body and its colour ; it is probable that 
the determination of this difficulty presents one of the most 
difficult problems that philosophers and chemists will have to 
resolve.* Wo know not why copper is red, gold, )'cllow ; the 
cyanite of iron hhie, and, in particular, we are complely un- 
certain whether the cause of the colour of a substance ouglit 
to be sought for in the nature of its mobecules, or in the par- 
ticular mode of their aggregation. But whatever bo the ob- 
scurity wliich reigiift in this point of view, and llowe^ er groat 
our ignorance on the true cause of the colourization of bodies, 
we know, notwithstanding, that tiie fact which determines 
the chcmicjil nature of any substance is that which decides, 
before any thing, its relations with the light ; and, in fact, 
there are a hundred cases in which we may conclude with cer- 
tainty, that a chemical modification has taken place in a bo<ly 
after a modification of colour has been observed. But it is 
not only these luminous phenomena, with relation to colour, 
which are^ frequently modified by the effect of the chemical 
changes of the substance ; those of this species of phenomena 
which may be referred to refraction, to reflection, to inflection, 
and to polarization, are under tho same influence : and, in 
short, we may safely affirm, that in oi-der to arrive at the es- 
tablishment of the identity or the chemical difference of sub- 
stances there exists no re-agtiit more sensitive than light. 

Lip to the present time, with our chemical means,..we have 
only been able to determine amongst bodies those differences 
the most gros^ and easily to be perceived ; and, without 
doubt, also, for this same reason, we have admitted as iden- 
tical w'ith ojich other a great number of substances, which, 
upon examination, by the aid of re-agents the most delicate, 
will eventually demonstrate to us that tlu;re is no identity be- 
tween those bodies. It is then very desirable that opticians 
should come in to the aid of tlieir chemical brethren, and by 
furnishing them with such instruments as are necessary, ena- 
ble them to determine, in a manner .at once easy and certain, 
the slightest qualifying modification which takes place in any 
which may be subjected to their inquiry. When once tho re- 
search into the chemical nature of substances, by optical 
means, shall come into general use, I am persuaded that our 
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know lodge in respect will be rapidly extended, and we 
shall acquire more correct ideas than those we possess at pre- 
sent on the intimate nature of substances. "Jlie researches of 
Newton on the power of bodies to reflect light, and the re- 
s(^archcs,^still more? recent, of the celebrated Biot, have already 
placed in a striking })oint of view" the great wnportance it may 
be to tlie chemist to have a knowledge of the optical character 
of bodies. 

I liave no other end in \'ie\v, in«j>nblishing this w'ork, than 
that of calling tlie attentioiji of philosophers and chemists on 
file importaiiK'e of the niomontary and sudden changes of co- 
lour which (livers sul)stanc(?s undergo under Vue influence of 
h(‘at. 

Ill comparing the cliemical nature of substances which pre- 
sent this pheiioincnon in these indicated cinnnnstances, it 
ought to excite our surprise^ above all, that it is only observ’- 
ahle in compound bodies. Sulphur, ])liosphorons 5 and perhaps, 
also, selenium, wliicli are consldmvd as simple substances, 
form (.^vec'ptions ; hut the property which these bodies possess 
of taking various colours in difl'ennit circumstances, ought, 
pcudiaps, to he sufli<d(jnt for us to presume that they arc com- 
pound, more especially if w e consid(5r that sulphur, and iu 
all likelihood also, the two other substances are. 

The nunibor of compound substances which are possessed 
of the properties of which wo are now’ speaking is tcry con- 
siderable, and it w’ould he too tedious to name them. Amongst 
those wdiich ar(^ solid, I content myself with naming the red 
oxide of moreury, which, upon bcung hcat<Kl, takes a brown- 
ish black colour. The yellow ba>iciuo nitrate of mercury, 
whicli in tin? same (jircumstaiKres •"v-;;Tnos a* red colour; the 
red iodure of*mercury, which beconuvs yellow at au elevated 
temperatfire ; the citron yellow colourc'd chromate of potash, 
which takes an orange ctolour on being attV'ctcd by strong 
beat. The licpiids, with some exception, ehlnge colour in 
general when they are heated. A solution of muriate of co- 
balt, for example, w hich w hen cold is of a yellow^ briJwu colour, 
becomes blue on being heated ; an acid solution of nitrate of 
iron, w^hieh at the ordinary temperature is completely colour- 
less, becomes a reddish yellow' wdicn heated. Nitrous iicid, 
(colourhiss at 20^) b(u*omcs yellow', and even a red brown on 
being exposed to heat: the colourless combinations of this 
acid wdth nitric acid, sulphuric acid, phosphoric acid, &c., be- 
comes equally yellow iu the sfamc eireiiinstances. Among tlit‘ 
eompouiid gases I know of none of which the colour is sen- 
sibly changed by the effect of heat except it is the nitrous 
acid gas, w^lu>se colo“ur is, as is w'cll known, of a de€'per hue 

VoL. V — No. 27, St-ptembev^ 1840. 2 F 
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at a hi}-h temperature. lJut it is very likely that a more pro- 
found examination will shew that other aeriform bodies also 
change colour with th^ir temperature. 

The question in point now is to resolve, to what cause the 
phenomena in fjuestion may be attributed ; whether it is to 
mechanical circumstances, or to chemical changes. Up to 
the present time wc have always sought to explain it, by 
vaguely admitting that heat produces a certain modilication in 
the arrangement of the intimate molecidcs of a body from 
whence procecfis a change of co’oiir. I’his hypothesis may 
possibly be exa^;t, generally speaking, but it is so vague an<l 
indeterminate that it leaves, in a complete uncevtainty th<! 
question of ascertaining whether heat only changes, the rela- 
tive position of the compound molecules, or whether the .sim- 
ple heterogeneous •atom.s combine among themselves under 
the influence of an elevated tompcraturi', in other aHiiiitics 
than when the body is not lu'ated. Some recent rc.scarclics 
of JMitschcrlich, Hose, and other cliomi.sts, have demonstrati'd 
that certain salts uiuh'rgo an essential modification, one might 
almost say chemical, though this was not a decomposition in 
the ordinary sense of the word. 'I'lius the arroganite, boated 
to a full red heat, is transformed into <‘alcareous spath ; the 
red pyrimidal iodtire of mercury into the prismatic yellow 
iodiirc of mercury, without the observer being able to ju’recive 
any modffication in the eomposiliou of these two boiUes. Other 
examples of the same nature might easily he eited. 

An important circumstance, to which 1 shall endeavour 
at the present time to draw your attention, is this, that the 
red iodure of mercury, qn being transformed into yellow ioduro 
by the action of heat, persf.*-;s some time still, it is true, in 
its new csbite after being cooled, but do(!S not tail, ncvertlu!- 
less, to take its primitive state without tlie sensible interven- 
tion of any exterior action, though mechanical causes, sueii 
as a sudden shock, singularly hasten its return to the normal 
state. The, arroganite once transformed into calcareous spath, 
undergoes no further change. There is noi, tlie least doubt 
that in the case whence arises the question, that heat only 
produces in the chemical nature of bodies that modification 
which chemists call isomeric. I'hey form new substances, 
which are distinguished in particular from those from which 
they proceed by a peculiar form, by their specific gravity, by 
llicir hardness, and by their action on light, and, in all like- 
lihood, by other physical properties. 

What is it now which takes place in those substances which 
thus change colour with the temperature ? J^oes this change 
indicate different chemical combinations among the constituent 
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oleiiicnts, and ou^hl it to be regarded as a i)roof that the mass 
resting identical, the same element can form a scries of iso- 
meric combinations, of which each in particular is produced 
by a determined temperature ? l"he chingc which takes place 
in the red iodurc of mercury appears to me to be of particular 
importance in the answer to these questions ; on one hand, 
be(!ause the phenomena which this body presents approach in 
ap])carance those of !>odies which the act of cooling causes 
to return to their former state, (Uie elements of this ioduro 
not persisting, in fact, in their new combination) ; on the 
other hand, bec^anse the bo(ty approaches also to carbonate of 
chalk, the iodure not taking immediately its* primitive state 
when the cause which modities it has ceased to act. Under 
tlu‘ relation of the variability of its molecular composition, 
this iodure places itself then between the calcareous carbonate 
and the coinlnnation in which the change of temperature, 
and the inodili(\'ition in the chemical const itiitio]i, oiilyremaiiis 
as much in one as the other. 

Let us now seek a solution of the proposed (|Uestion, at 
first ill that wliich concerns the oxide of mercury, which 
presents a change of colour so remarkable. The* mode of 
coinliiiiation of oxygen with mercury, under the relation of 
intiinacy, ought not to be the same at elevated degrees of tem- 
])(n'atuvi^ as at inferior degrees : it is already acknowledged, 
tliat at a certain tcm^ierature these two substances* separate 
one from the other, and it will be easily admitted, that as the 
oxygen bolds much more feebly to the mercury, that the oxide 
is most heated. Now, a diircrencc in the intiinacy with which 
the same elements are combined constitutes already, accord- 
ing to my ideas, a dilTereni'e eitlicj' ^ualifjiing or clieinical. 
After that, tUe oxide of mercury m a heated state, is chemi- 
cally difliprent. from the cold oxide, and thore^exists between 
the two an isomeric relation. To speak more properly, all 
the chemical combinations which are of ditrereii4 temperatures, 
arc, it is true, in the same case, but jiarticnlarly those which 
heat alone decomposes. It seems possible to me, licnvevcr, that 
many compound bodies undergo, in their intimate nature, by 
the effect of heat, modifications which may have, it is true, 
a distant reason in a change of relations of affinity, but which 
are owing, above all, to a momentary dcrangcnicnt of the 
constituent elements, out of their normal position taken at 
the ordinary temperature. It is, in ettect, a singular fact, 
that many compound bodies* take, w hen they are beateil, a 
colour wdiich characterises another degree of combination of 
the same elements. The following examples will serve to 
make the case in question better understood. 
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At an elevated temperature, the oxide of mercury takes th(? 
colour of the oxidule of the same metal ; the deuto-sulphuret of 
mercury, the colour of^proto-sulphuret ; the proto-chromate of 
potash that of double salt ; the colourless solution of nitrate 
acid of iron that of the solution of a nitrate basiqup of that 
metal ; the solution yellow and neuter of muriate of cohalt, 
that of the acid solution of the same metal, &c. Now though 
this shadowing change may not be observed in each of the 
substances which change colour with the temperature, the 
eases where it presents itself arei however so very numerous, 
that we are not at liberty to consider this phenomenon as 
simply the effect of chance, nor to suppose that the changes 
in colour of these substances are owing to the formation 
of a new combination : as for example when the deutoxide of 
mercury is heated it is transformeil into protoxide, the neutral 
salt of chrome into acid salt, the neuter solution of muriate of 
cobalt into an acid solution, ike. But as, in the examples 
here cited, the heat does not separate oxygen, nor potash, &c. 
it is necessary to admit that these substances are louud in an 
intimately mixed state in the bodies which we have submitted 
to the action of heat, or else, that the new coml>inatioii 
possesses still so great an adhesive force for the substauee 
which has been insulated, that it cannot bo separated from it. 
It is possible, also, for cxjimple, that a molecule of mercury 
may be fbund, during the process of heating, nciirer to one 
of the particles of oxygen enclosed within an atom of oxide 
than another, and that this second particle remains attached 
to the oxidule by the effect of a species of allinity, and is 
thus prevented from disengaging itself under the form of gas. 
We may suppose* again^ tha*., there is established, sometimes 
between the two elements of a combination exposed to the 
action of the heat such a relation that they arc, it is true, 
completely separated one from the other under tlic chemical 
relation, but that they arc still retained together by the effect 
of an attraction, similar to that which 1< araday believes to be 
exercised by platinum on oxygen. 

It is the skilful Kielmeycr, if I mistake not, who has ad- 
vanced, now a long time since, the idea that eaxjh particular 
temperature has its own chemical j)()w'cr. Without wishing 
to take this assertion for granted, I believe, however, that it 
is true in general, and that a proof is furnished of its correct- 
ness in the change of colour produted by heat in compound 
bodies. As I have already made the remark, that chemists 
have not, during a long time, taken account only of the most 
glaring differences of bodies, and have regarded as identical 
those substances which have given as the result of analysis 
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the same elements in the same proportions. The diseovory 
of isomery, of dimorphie^ with w liieh it is intimately con- 
nected, has elicited the fact, that the equality of elements, 
and the proportions in which they are Combined, is not a cer- 
tain critprion of the identity of chemical substances, and that, 
in this case, it is quite possible that there may exist great differ- 
ences In the physical and chemical properties of bodies. How- 
ever, let this point be once established, and that in particular it 
lias l)ccn demonstrated, that by tiie aid of heat we can accom- 
plish not only the decomposition of substances, ])ut, likewise, 
isomeric transformations, wo may hope that chemists will di- 
rect their attention to the qualifying modifications less ajipa- 
rent, and particularly on the transient modifications which 
these bodies undergo under the influence of heat, licsearclics 
of this description w'ould not fail to extend the actual limits 
of cliemistry, and give us more correct ideas on the different 
modes of combination of elementary siil)staTU‘es, as also, to 
spread tlie light of day on the relation whicli exists bi'twecn 
tilt' moletuilar constitution of a body and its physical and che- 
mical ])roj)ertics. • 

In order to find some experimental proofs in favour of flie 
opinion which I have advanced iu relation to the caust* of tht? 
change of colour on many substances, I have had recourse 
to the galvanometer. It is a fact, n^coguised by most philo- 
sophers, that ev(n*y chemical modifKration, ftirmation, tir de- 
composition, of a compound body, has the effect of destroying 
till? electrical e(iuilibrluin of substances which act upon each 
other. Upon this principle, if the change of colour, now iu 
question, is to be attributed to any chcinical modification 
wli.itever in those substances in which it is observed, wc ouglit 
also to see established a voltaic ciuTcnt, and to be abhj to 
demonstrate the existence thereof, iu favouralile circumstances, 
l)y means of the multiplicaticr. Now, to speak of solid sub- 
stances whose colour changes with the temperature, they are, 
unfortunately, such bad conductors of the voltaic current that 
they do not leave the least possibility of availing ourselves of 
the use of the galvariomctor. It is not the same, however, 
in liquid substances ; but I have made use of them to make a 
scries of experiments, of the results of wliich I have hereaf- 
ter spoken. 

We know tliat an acid solution of chlorurc of cobalt, a little 
concentrated, is blue, but that it becomes yellow by the addi- 
tion of a small quantity of water. If this yellow liquid be 
heated, it retakes its blue colour, and this colour becomes 
deeper as the colour of the liquid is more elevated. Tlie che- 
mists explain this passage from blue to yellow by sui)posing the 
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water to change to acid salt a part of its aqid, and that tliuh 
the yellow solution encloses another combination than that 
Avhich is found in the blue solution. As the yelloAV liquid again 
becomes blue by a new' addition of hydro-chloric acid, and as 
heat alone produces also this change of colour, we can easily 
suppose that at a more elevated temperature the yellow neutral 
solution of cobalt is transformed into the acid blue combination ; 
or, wheat is precisely the same thing, that the achl carried off 
by the water to acid salt separates itself a second time from 
the water by the effect of heat, and forms anew with the neuter 
combination of acid chlorurc. Hut if chemical modifications 
of this species do really take plac-e, the clcctricjil equilibrium 
in the Tupiid in question ought also, in consequence of what 
1 have already advanced, to be destroyed in these circum- 
stances. If now Ave put the liipiid into a tube in the form of 
U, and a platinum w ire in each branch of the tube, and noAv 
heat the column of liquid in one of the branches, until it be- 
comes blue, and then bring the free extremities, of the plati- 
num Avircs into communication with a delicate galA'anometcr, 
there is a current established vrhich ti’avels from the cold 
column of liquid to the heated one, and avc find the force of 
this current to be greatest, Avhen the <lifference of temperature 
betw’ccn the two branches is most (tonsiderable. In my expe- 
riments the deviation Avas about 70 = Avhen the lujuid Avasnear 
the point gf boiling, that is to say, AA-hen the colour Avas the 
deepest. 1 need scarcely add that the needle returned to 
zero, as soon as the two divisions of the li([uid had arrived at 
the same degi'ce of temperature; that is to say, as soon as the 
blue colour of the one had again taken the jdace of the yellow 

Such AA'as the ijxact&ass also of the manner in which the 
galvanometer carried itself in the solution of«nitrate acid 
of iron, which is colourless at the ordinary tempi'rature, 
and which takes a yelloAv colour on being heated. In the same 
circumstances a* those already given, I have obtained a cur- 
rent which travelled equally from the cold portion of the liquid 
to the heated one, and which made the needle deviate about 
40°. The results have been similar to these too, when, in the 
place of the liejuids of which 1 have spoken, I haye made use 
of a solution of acid sulphate of iron, or of liquid combi- 
nations of nitrous acid with other acids, such as sulphuric 
acid, phosphoric acid, nitric acid, &c. 

In truth, it seems at first that those observed currents are 
of a thermo-electric nature ; that* is to say, that they are the 
effect of the difference of temperature of the two liepuds, or of 
the two platinum wires. M. IJecquerel says, in his “ Traitc 
de r Electricite,” that when the tAvo extremities of the plati- 
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nmn wire of tlirf galvanometer arc plunged into nitric acid, 
and that in these circumstances, the electrical ccpiilihrium is 
maintained, this equilibrium vrill be destroyed, if w'c come to 
draw one of the extremities out of the liquid, heat it, and 
plunge it in anew, and that then a current will be developed 
wliich travels from the cold extremity to the hot. The French 
philosopher considers this current as being of a thcrmo-clcctric 
nature. But if this opinion have anjf foundation, tve should 
he able to obtain similar currents with all liquids which arc 
good conductors. Now my researches on this point liave 
couvinced mo to the contrary. Sulphuric acid, perfectly pure, 
alone, or with w'ater in different proportions, pure Iiydro- 
chloric acid, the dissolutions of potasli, sulpliate of potash, 
carbonate and phosphate of alkali, sulphate of zinc, corrosive 
sublimate, and many other salts, have been put successively 
itito bent tubes; the part of the liquid enclosed in one of the 
branches only has been heated, and when I ha\ e cstahlislied 
the coinnmiiication with the galvanometer, by moans of the pla- 
tiruim wires, I have not obtained even the tuost feeble current. 
'I'ho ahsencf! of the current in this last experiment, seems to 
bring clearly in view the inaccuracy of the explanation given 
by M. Bocijiun’cl, and at the same time the groat likelihood, 
or else the certainty, that the destruction of the electrical 
etpiilihriutn, when it coincides with the change of colour in a 
liejuid, is not immediately owing cither to the difference of 
lernpcraturc of the two wire.s, or to that of the two portions 
of lujuid contained in tlie branches of the tube, and commu- 
nicating with each other, but to tmusient chemical modifica- 
tions, which have been proiluced heat in one of these 
))orlions. ^ 

It is jcarcely necessary to remark expressl}’, that it is pos- 
sible also to have liquids whose colour does not change, in 
whatever way they arc submitted to the actioij of heat, and in 
which notwithstanding, transient chemical changes, take place, 
for the qualitative changes of a body are not always necessarily 
accompanied by a change of colour. "J'hose liquids which are 
found in this position, should also, by couscijucnce, be in 
a state to produce a current when they are unequally heated. 
Now the result of my experiment proves that the dissolutions 
of many nitrates of mercury possess in a very high degree the 
property in question, w'hen they are submitted to an unequal 
heat, and it is kuowm that the solutions of this species are 
colourless at very different temperatures.^ 

Let us now suppose that the preceding remarks are per- 
fectly exact ; the r.esult would be that a galvanometer m ould 
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offer to tlic observer an instrument, which would put him in a 
position where he could demonstrate the existence of chemi- 
cal actions, in which ncj reaction is announced, and where up 
to the present time no modification was believed to be ope- 
rating in the chemical constitution of the substance under 
observation. 1 have already named, besides the galvanometer, 
the chemical niicrosc'ope, and I believe that the facts which I 
have just described are suflic.icnt to justify tliis denomination. 
It will be by consequence vbry desirable, that those chemists 
who are devoted to scientific resyarch, will make use of tl}is 
precious instrument more fre»piently tlian they have hitherto 
done, and that they will make above all an attentive exami- 
nation of all the importatit chemical combinations, which serve 
as conductors of the current, in order to knew the influence 
which they cxercisfs on the galvanometer vvheii they are 
4ine(iually heated. 

Permit me, in terminating this work, to express some ideas 
destined to make comprehensible the importance which 
isometry will probably sooner or later exert, for that part of 
geology which is united to chemistry. In considering under 
a chemical point of view the parts which constitute the crust 
of the earth, we ought to be surprised to see certain elements 
predominate over others in the. rocks of certain geological 
formations. I do not wish to recall here the enormous masses 
of calc.arebus carbonate, which are encountered in those which 
are called sedimentary earths. On the other side it is not 
rare to find in the same formation chemical productions 
extremely different, placed one by the side of the other, and, 
what is very remarkable, in such a manner somctii:^cs that 
the one passes the other* by degrees almost insensible, as is 
seen for example in the calcareous carbonate and fho dolomite. 
These transitions take place sometimes under circuifistanfu's 
which cause us to think of the transformation of one of these 
substances in tHe other. And, in effect this idea has been 
suggested at iin anterior epoch, but has ordinarily been repul- 
sed as a procluct of the imagination of the alchemist, anti lias 
been declared completely inadmissible. 

Under a chemical point of view, wc ought, it is true, to sup- 
pose that since our earth exists, the same elements of which we 
have knowledge at the present day have always existed, and 
that all the diverse geological formations, inasmuch jls they 
relate to chemical actions, have been dwing to the affinity of one 
of these elements for the other. As to the transformation of 
one substance into another, it is a fact we are not able to 
admit ; and then say, how, under the relation of quantity, 
the elements are united in such a manner as to be able to 
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form precisely copipound combinations after the chemical 
proportions, aiftl how these substances, ^ which liavc power to 
combine among themselves, have so haj)pily met : the chem- 
ists’ do not believe themselves bound to give in this point of 
view any^ plausible explanation, and they put this fjict to the 
number ‘of those on which actual science does not possess 
sulTicient elements. 

Further, the singular fact, that certain substances, accom- 
pany each other, or always avoid each other, mid that these 
substances, are then found as often to be of hodies which 
oiler a passable resemblance In their chemical character, such 
as, amongst which we find together, tluj chlorine, brome, 
and iodine ; sulpliur and selenium ; platinum, iredium, palla- 
diuin, baryte, mid stroutianj potash and alkali*, this fact 
ought to be considered by the chemist of pur days as a pure 
hazard, two elements being always separated in his eyes by 
an abyss quite impossible to overcome. 

In the opinion of many philosophers, there may have been 
a time in which all the constituent elements of our planet 
may have existed in a state of insulation. But tliis hypothesis 
implies here, that tlwi compound bodies with which wo meet 
at the present day, have been formed one day by means of 
synthesis. We can, according to my ideas, make good several 
arguments which are not favourable to this point of view, and 
whicli permit the supposition that many chcraico-gcological 
products have been found by another way than that of com- 
position, by moans of elements which we can at the present 
»lay separate. If tin* substances which we regard as element- 
ary, were once found in a state of complete insulation, and 
they may have been at the same time Submitted, as at oiir day, 
to the law of gravity, they would have been obliged, it seems, 
to arrang»5 themselvc.s the one on the other, aecoriling to their 
sjtccific gravity. But as it is easily comprehended, w'ould 
alone have suiliced to hinder the combinatioifs of several of 
those elements which are now found united. In truth, when 
the chemist pretends that in the primitive times, these elements, 
dis]>osed one on the other, in beds or layeivs nearly concentrie, 
well mixed, together by the effect of an unknown cause, and 
which will come suddenly into activity (an hypothesis which is 
accorded to it, as we accord to astronomy that of an impulsion, 
when there is need to explain the curvilinear movement of the 
planets), this hypothesis will make comprehensible tlic exis- 
tence of many geological products ; but at all times, a great 
number of geologico-chemic facts will remain enigmatical to 
us, and even inexplicable. 

But if many substances which wc consider as compound, 
VoL. V._Nd. 27, September, 1840. 2 G 
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have not been formed by the way of ordinary synthesis, it is 
still a question, at lea^st to admit, for the sake of convenience, 
that they have been created such as they arc at the present 
day, or that they have always existed in the same state, it is 
yet a question, what origin have they had. As for myself, in 
acknowledging all that \vc cannot yet answer to this question, 
no more tljan others, concerning the origin of mineraloglcal 
products, I think tliat isomery Avill aid us as we advance to 
resolve a grcjit number of •cliemico-gcological problems. As 
this new brai'ch of chemistry becomes developed sufficiently, 
for the acknow^ledgmont as isomerics, those substances whicli 
we have been forced to regard uj) to the present day, as 
elements, and w’e shall the light of day spread itself on many 
subjects which are yet covered in a profound obscurity. 

It is a true principle, and let it for that he often re])cat('(l, 
that nature attains by the most simple means, the greatest and 
the most varied ends. How (complicated and how grand are 
the effects produced by gravity, the action of which at the 
same time obeys a law so simple I If then w e sup{)ose that 
the numerous difforeiit substances which constitute our earth, 
are the product of a small number of elementary substances, 
united amongst th(3inselvos in a manner th(> most varied in 
their proportions, and in the mode of their (jornbinalion, 
we have there an hypothesis which we are authorized to 
make by«aualogies, and which will scarcely leave us actcusabli! 
of wandering m reveries or metapliysics. Let us represemt 
the small number of substances which w o admit hypothetically 
as elements, submitted to the iiittuence of very different 
temj)erature.s, of voltaic currents of different energies of 
various forces ?)f pressure, &c., w^e may conceive how 
in these circumstances so different, the bodies the^nost difterent 
have power to be formed by means of a small numb.^r of ele- 
ments, these bodies in partuudar, which wc use for d(‘Compo- 
sition, relatively feeble, do not permit us to resolve into their 
elements. We know already some facts, wdiieh give us 
authority to presume, that some substances which are now 
regarded in chemistry as simple bodies and which ought as 
such, to be invariable in their essential properties, would 
evince very considerable modification when they are exposed 
to certain influences and in particular to those of electrical cur- 
rents and to heat. It has long been known that sulphur can 
assume very" different forms, and that, suddenly cooled after 
having been heated it passes to a* state of coherence essentially 
dillerent from that which it previously possessed. Phosphorous 
and selenium present similar phenomena. In my electro- 
chemical researches, J have myself recently obtained results, 
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which demonstrate that iron, which is regarded as elementary, 
can, under fue relation chemical a|id under the relation 
physical, take such modifications, that, in its new estate one 
ought to regard it in some manner as quite another metal. 
From tlje state of a body very oxidable, it is transformed into 
a sulisfance neuter with regard to oxygen : a metal eminently 
electro-positive, it becomes a metal electro-negative. Similar 
modifications have already been observed in some other very 
oxidable metals. Though these fnodifications We it is true 
but transient, and that up to the present time Jo means liav’e 
been found to render tliom })crniaiient, it dof/ not yet follow 
that, hy, example, this result will not absolutely bo obtained for 
iron. It results from this, that the above modifications, area 
proof that many bodies which are called elementary, do not 
bear the chaiacter ot‘ absolute invariability, in that which con- 
cerns the properties whicli are ordinarily regarded as essential. 

In like rnannor, as the cliemist ought to furnish to the geo- 
Ingian his aid iu extending that science, so ought the g(*oIo- 
gian, in his turn, to lend his aid to the (diemist. Like light, 
are not the geological e\])h)ratious spread ou the history of 
organized beings, and wliat discoveries may wo not hope to 
make in the field of zoology, by the researches even which arc 
made in our days, ou tlie nature of animals which peopletl 
the primitKe world? 

V^ e may Ik; well permitted to suppose that the formation of 
the inorganic bodies of our earth has taken place after deter- 
mined laws, as luiudi cv(*n as that of organised Innings whiidi 
liave perished ; that in otluT jioriods of the hisiorv of our 
planet, there have been ejiochs of (*hemical formations, as there 
have lieeii periods of organic creation : and it not impossible 
that b(>th the^one and tlie otbm- have been in a certain mutual 
dojiondaiice, and that one of these classes of phenomena has 
liad in the other the cause of its existence ? Now, if, in the 
actual moment, goologiaiis were to make a sTrong effort to 
direct all their attention ou the organic remains of jiriinitivo 
times, and, by a self-coirqinlsorv eflort, construct, with the 
monuments of the first ages, a basis for the history of our 
globe ; if, further, we should acknowledge that in the course 
of the last twenty years tlie zeal and the perpiciiity of geo- 
logians devoted to this part of the zoology and botany w hich 
belongs to their science, have obtained the most extraordinary 
results in this domain, aifd have arrived at the solution of 
problems the most difficult, if ought not to be a case for doubt, 
that the chemical side of geology has not at least attracted 
that regard which it merits. But as it is certain that essen- 
tial modifications, which our globe has suffered in anterior 
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epochs, have been produced by chemical forces, it will result 
therefrom, that the geelogian must necessarily #tudy the mat* 
ter of the globe under m point of view purely cbemical. 

In order to arrive in the field of research at results which 
have some value in science, we ought to take the sam(i ways 
by which the geognostic zoologists have acquired the" know- 
ledge which they possess on the organic life of the primitive 
world. We ought to study with the greatest degree of care 
each particula*"’ geognostic ‘product ; we ought to determine 
also, as exactly as it is possible, {.he mutual relations of these 
products in thd'y nature, both chemical and physical, and in 
their chronological succession; and, at the same time, to 
make the most scrupulous comparison between the product 
which M’e obtain bv the aid of chemical forces yet active at 
the present day, wid the inorganic bodies of the primitive 
world. In a w’ord, we ought to commence by creating a geo- 
chcmic comparison before we can possibly haven true geology, 
before the mystery of the creation of our world can be dis- 
covered, and the masses which comjmse it. Hut in order to 
arrive at this elevated and truly gigantic end, which is proposed 
to science, it is necc.ssary not only to take advantage of all 
the men who possess not only all the knowledge which ])lilo- 
sophy and chemistry is able to furnish, but also who are en- 
dowed with that rare faculty of grouping and «'oUecting, under 
differeut,‘ general points of view, those masses of particular 
facts, and to discover a relation and connexion between phe- 
nomena altogether strangers in appearance. It is necessary 
that there arise a man who wiU be to geological chemistry 
that which CUuier hasj)eeu to the anatomy of the animal fos- 
sil kingdom, and* what Newton has been to astronomers. 


XXX. — On Electro-type from Engraved Copperplates. 
lly SAMtiiL Caiitwjikiht, 

Having been favoured by Samuel Cartwright, Esq., of 
Preston, w’ith an excellent specimen of printing on address 
cards, from an electro-type plate which that gentleman bad 
made, I immediately wrote to him requesting that he w ould 
favor me with the plate in order that 1 might be enabled to 
place specimens of printing, from it, before the readers of 
these Annals. Mr. Cartwright finding that he coidd not 
comply with this request, in conscq'uencc of the jrlate being 
presented to the Lancaster scientific exhibition, immediately 
proceeded to prepare another, which, as soon as ready, was 
very kindly presented to me by that gentleman, who waited 
on me at this Institution for that purpose and, in the most 
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liberal manner, communicated to me all the particulars of the 
process, whic^i is the following. I 

To the back side of the cngravc|i plate intended to be 
copied, is soldered one end of a copper wire ; and to the 
other ejjd of that wire is'’soldcred the zinc plate of the opera- 
ting vdltaic battery, which consists of a single pair of metals 
placed in a porcelain jar, having the copper side in a solution 
of sulphate of copper, and_the zinc side in water*, or in salt 
and water. To the farther endVrf the conducting wire be- 
longingTto the copperside of the battery is so Mered another 
copper plate, about the size of the engraved /no. When the 
battery is prcjiared, the] two cop])er plates at the farther ex- 
tremities of its wires, are to be placed in a strong solution of 
sulphate of copper, the engraved one Avith its face upwards, 
and the other directly o\er it, but not be in contact with 
each other. With tliis arrangement, the enperous solution 
becomes decomposed, and the liberated copper is precipitated 
on the face of the engraved plate : w liilst the copi)cr plate of 
copper in that v<!ssol, suffers dissolution, and feeds the solution 
with fn.'sh portions of copper. 

At tlie end of about ttircc <lays the newly formed plate will 
be thick enough to remove from the engraved one, and the 
impression will be a very faithful copy of the original one. 
having the letters and other ehar.actcrs in rclivj\ similar to 
those on a card printed from the engraving. • 

Since Mr. Cartwriulit’s visit to this institution. Dr. Good- 
win, of this town, has taken a very good electvo-type plate 
from the engraved copper-]»late from which his address cards 
arc printed ; and several ftthcr gentlemen are now preparing 
idectro-type plates by similar means. • 

Ft*»m my bw'ii experience, I find that the dissolution of the 
copper-^)late, w hich is connccteil Avith the copper side of the 
battery, is very rapi<l, and when thin, if care be not taken, 
small fragments fr«)m it will fall down on flic loAvcr plate, 
which, if not removed, might injure the process. To pre- 
vent any accident of this kind, 1 put the upper* plate in a 
muslin bag, which prevents the fall of any fragment. If, 
hoAvever, the plate be sullicuuitly thick to outlast the process, 
there w'ill be no need of this precaution. The face of the 
electro-type plate is as smooth as the original, and every 
scratch, however minute, will be faithfully ti ansferretl. 

* WILLIAM STUKGEON. 

Royal Victoria fiallery, for the * 
rncouragt'iuont of Practical 
Science, Manchester. 

P. S. — On my requesting to print from Mr. Cartwright .s 
eU'etro-type*plate, 1 rcceivetl the following letter. 
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Dear Sir, — 1 have no objection to your p<iblishing, as you 
desire, the Klectro-typp I made for you ; but 'must rc(|ue8t 
that your readers mayj at the same time, be informed that 1 
consider it very inferior to what a more practised person 
woidd produce. — It is only the second 1 have made ,to print 
from, and before attempting this process 1 never eonsiructed 
or used a galvanic Battery. — My reason for sending it to you 
was, as I have pefore stated, to slicw that the process may be 
performed by ^,ny person who will take the trouble of reading 
the accounts dy it published in you Annals of Electricity, and 
other pcriodicar^. 

The plate is just as it came from the Battery, no graver, 
burnisher, or even charcoal has touched it, extx'pl in drawing 
the line under my name, to distinguish its impressions from 
those of the original jplate. 

^'ours truly, 

SAM U EL C A KT W HIGH 1’, 

Preston, 21.st Aug. 1840. 

The next business is to proceed with the now electro-type 
plate, in the same manner as had ])reviously been done with 
the engraved one ; and a fuc-simih of the fatter will be ob- 
tained. 'riio process should be continued four or live days to 
give suffic lent thickness to the ])late. to be pi'intcd from. 

In order that the clcctro-ty[)c may leave the original plate 
without injury, JNlr. Cartwright covers the face of the latter 
with bees’ w ax, .•ind w lhlst warm wij)es of tin; greater part, 
leaving only a thin fdm. The back part of the original plate 
and its conducting wire arc covened w ith sealing-wax varnish, 
to prevent unnecessary deposition of copper on those parts, 

III the elcctr«r-typc plate will be seen two sjM'cimcns, one 
from the electro-type, the other from the original plate. 

W. S. 


"Whi-n cli'ctro-typo cojiir.s of nrr to Be fonnod in rn.sts of pBisIrr or oflior porous 

materiulS; Mr. Spenct'.r givch the followitig ingtuiious iiioUe of giving Utoisc inatriun Uu* uoot;»sary 
Hurlacos. , 

The porou.s matrix is to Bs* dipped into a wouk solution of TiitrjiU’. of silver, » portion of whirh 
Becomes absorbed. It i.s next e\)tosed to tho fumes or a warm alroholir, solution of pho.sphorous, 
and the absorbed nitn&to of .dUer becomes decomposed. 

Mr. i*arry, an iripeniou.v ^'entleman of tliis town, lias lately obtained goo»I eIe»:1ro-type ini 
pressions from the leave.s of fnx*s, by properly placing those leaves no as to ifceivc the 
de)*osited coppei by voltaic copiaT. — W.N. 



Miscellaneous Article, 


239 


X XX L— Ml SC E LL AN EO l|S A RTIC LE. 

On the Application of Electro-Magnetism as a Motive 
Poiciif ; in a Letter from Prof. P. Forbes, of Aberdeen, 
to Michael 1’ araday, D. C. L., &c. &c.'^ 

King’s f nllcgo, Abcnlf;i\n, Oct. 7, 1839. 

My dear Sir, — Ilaviriij^ setm a notice from M,/. Jacobi sent 
by you to the London and Edinburgh Philsojihi ial Magazine,! 
regarding the success of iiis experiments on the production of 
a moving pow(‘.r by electro-magnetism, I am sure it will give 
you iileasure to know that a couiitryniau of our own, I\Ir. 
Hobert Davidson, of this place, has been^emincntly success- 
ful in his labors in the same lield of discovery. For in the 
first place, he lias an arranginnent by which with only two 
electro-magn(‘ts and less than one sipiare foot of zinc: surface 
(tlie negative metal being ( opper) a lathe is driven with such 
velocity as to be (‘apablo of turning small artiedes. Secondly, 
he has anotlier arrangement, by which, wirh the same small 
extent of galvanic pow er, a small carriage is driven on wdiich 
two pi'r.sons wt're carried along a very course wooden tloor of 
a room. And he has a third arrangement, not yet. completed, 
by w hich, from the imperfect experiments ho has 'made ho 
expects to gain very considerably more force from the same 
extent of galvanic power than from either of the other two. 

The first of these two arrangements w ere seen in operation 
by Dr. Fleming, Professor of Natural Philosophy in this 
Ihiiversity, and myself, some days ago ; and^thcre remains no 
doubt on onr^ininds that Mr. Davidson’s arrangements wdlJ, 
wlien finRiheil, he found available as a highly useful, efticient, 
and oxi’cedingly siinjde moving power. He has been busily 
employed for the last two years in his attempts to perfect his 
machines, during all which time I have been aciiuainted with 
his progress, and can bear testimony to the great ingenuity 
he liasshewm in overcoming the numberless difficulties lie has 
had to encounter. So far as I know he was the first w ho 
employed the electro-magnetic power in producing motion by 
simply suspending the magnetism without a change of the 
poles. This he accomplished about two years ago. About 
the same time he also constructed galvanic batteries on Pro- 
fessor Daniell’s plan, by substituting a particular sort of 

♦ ^^oinniTinioalcd by Dr. Faraday, 
t L. ^ E. Philos. Magi for. Sept., p. 164. 
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canvas instead of gut, which substitution answers perfectly, is 
very durable, and can be made of any form- or size. And 
lastly, he has ascertained the kind of iron, and the mode of 
working it into the best state for producing the strongest 
magnets with certainty. 

The first two machines, seen in operation by Dr. Flemming 
and myself, are exceedingly simple, without indeed the least 
complexity, and therefore easily manageable, and not liable 
to derangemept. They also take up very little room. As 
yet the exten'^ of power of which they arc capable has not 
been at all ascertained, as the size of battery employed is so 
trifling and the magnets so few: but from what can be jugded 
by what is already done, it seems to be probable that a very 
great power, in no degree inferior to that of steam, but much 
more manageable^, much less expensive, and occupying 
greatly less space, if the coals be taken into account, may be 
obtained. 

In short, the Inventions of Mr. Davidson seem to he so 
interesting to rail-road proprietors in particular, that it would 
be much for their interest to take up the the subject, and be 
at the expense of making the experiments necessary to bring 
this power into operation ou the great scale, which indeed 
would be Very trifling to a company, while it is very serious 
for an individual by no moans rich, and who has already ex- 
pended so much of his time and money for the mere desire 
of perfecting machines which he expected would be so bene- 
ficial to his country and to mankind. For it deserves to be 
mentioned that he has made no secret of his operations, but 
has shewn and explained all that he . has done to every one 
who wished it. Jlis ifiotiveg^^ have been quite disinterested, 
and I shall deem it a reproJimi to our country- and country- 
men if he be allowed to languish in obscurity, and net have an 
opportunity aflbrded him of perfecting his inventions and 
bringing them*into operation, when the promise to be pro- 
ductive of such incalculable advantages. 


r.. tc E. Philos. Mag. 
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Vonaiikmtions on Chemical lorcts ; By M. Gay Lussac. — 
FiiibT Me.^ioiu on Cohedon,^ 

1 puruoso presenting, sueeeoirively, in several memoirs, some 
reileeltOTis Oii aHinitles; this subject appears to me one ot‘ 
giT'Kil interest, hut it is^very ditiieult, and hi eutorin;,^ upon it 
1 should wish to reckon upon the indulgence and iavorable 
con(mrioiic(5 of chemists. 

In the year 1718, a time when chemistry was yet obscure, 
(icotiVoy, the older, endeavoured tocla.'jsily bodies according 
h) the cheinii'id relationship observed boiwKm them. He 
establisheil tisfc proposition, that, whenever two substances 
v^hieh hafv a disjwsition to join toyether^ arc found in con- 
7u.( ioii, if a third which has a (jreater inclination for one of 
ilu'in^ approach^ it will unite to that, and cause^t to abandon 
the other. 

For the support of this ])ro])ositioii, GeollVoy made a very 
Kimjde table of the relationship between the different sub- 
stances, then known. It is printed in the Memoirs de P Acadt- 
nil roynlc. dcs Hcintccs, lor the year 17«SH, page 202; but I 
thought it would be intiTOsting to reproduce it here, as a 
historical monument, such as GeollVoy Inis given, replacing 
the chemical symbol of each substance by its proper name. 

/ From tl'i* (‘omplc Itemlus ; truuslaU'il b J. II. Lang) ^*0* 

Vmj.. March, IHIO. ' Aa 
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By M. Gay Lussac. 

Tlic substance, at the head of each column, is compared with 
those beneath m a decreasing order of affinity. Thus, in the 
first column, ardent spirits (or acids) Jkave a greater affinity 
for fixed than for volatile dkali salt, absorbing earths, and 
metallic substances. In the fourth column, it is the oily 
principle^ or primitive v/hich has the greatest affinity for the 
siilphurib acid : afterwards come the fixed, and volatile alkali 
salts, alkali salt, absorbing earths, iron, copper, and silver. 

l^xainining the different relations expressed in each column 
of the table, we perceive that GecJffroy, has confounded the 
effects of affinity, which ou"ht to have been separated from 
one another, and has compared some things which arc not 
comparable, 'llius tlie decomposition of sidphiiric acid by 
the pretended primitive sulphur, iron, copper, and silver, 
cannot be assimilated to the affinity of this acid for their bases. 
Hut this is not surprising, as in the time of Bergman, half a 
century later, the same confusion still existed. (leoftVoy, had 
not aecom{)aHied his table with !lny explanation, he was 
limited in making tlie application of it to the preparation of 
corrosive sublimate by several processes, and he has done it in 
a tolerably successful manner. Geoffrey’s table, notwith- 
standing its irnporfcetioiis, is a line conception ; it is also the 
first progress made in pliilosophieal chemistry. 

It appears that for some time but little importance w^as 
attached to (»eoffroy’s table of relations. Subjected to se- 
veral disturbing causes which often made them vary, they w’erc 
considered as vague, indetenniuate, and entirely dependent 
upon circumstances. 

But Bergman, tbinkiiig that all the operations of chemistry, 
synthesis or analysis, were founded up^)n attractions which 
were not understood, because they w^ere subjuicted to certain 
conditions, wlaicJi incited, stopped, or disturbed them, at last 
drew the attention and interest of chemists to the causes of 
chemical phenomena, and his dissertation, Be affinilatibus 
tdectivisy published in 1775, also fixed a remark&ble epoch in 
the history of the sciences. 

Bergman distinguished in a body the attraction of similar 
molecules, which lie designated by the name of attraction of 
^gytegation; and the attraction of heterogeneous molecules, 
which he calls attraction of conqiosition ; when this acts so 
that one substance displaces another in a compound, it then 
takes the name of simple elective attraction ; and if it .act 
between two compounds, w'hose elements may be reciprocidly 
changed, it takes that of douSle elective attraction. 

Notwithstanding the opinion which some chemists had of 
the inconstancy of affinities, Bergman appe.aved to consider 
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them as absolute, determined forces, but whose effects could be 
modified by certain causes, the influence of which he often 
appreciated in an ingenious, thoufth sometimes very incom- 
plete manner. f 

The first of these causes he found in the diflercnce of 
volatility of substances presented in the same sphere of action. 
Bergman conceived that tlie difference in the allinily of two 
substances for a third, at a given temperature, might he mure 
than compciihated at a higher temperature, by a ditfcrence of 
volatility in favour of the substance which had less affinity 
than the other, but more fixity. 

Before Bergman, the results of the? affinity between three 
substances were confounded witli those in which there were 
four, that is, the products of the simple (dective affinities w itli 
those of the double affinities ; and as they are really very dif- 
ferent, an objectign was raised, from this eircumstance being 
badly coinj)reliciidod, to the theory of affinities. 'J'luis, from 
the table of (ieoffroy, fi!tctl alkalies have* a greater allinity 
than lime for acids, since in fact tliey sc[>arate it from the 
gypsum. However, it is said, (hat if we dissolve chalk in 
aquafortis, and add a solution of vitriolated tartar, the gypsum 
regenerates immediately; a })ioof that the calcavious matter 
here manifests a greater j)o\vcr. Bergman rmnarks with pro- 
priety, that the two circumstances are very diflereiit, since in 
one there are only three, while in the other, there are four 
substances present. lie explains the reproduction of the 
gypsum ill the mixture of nitrate of chalk with sul])hate of 
])otassa, from the double elective allinities, conceiving tlie 
sum of tlie two active affinities to be greater than that of the 
quieseciit. The explanation is coriaiuly ingenious, but at 
present it is not» enough. 

The effects of allinity may, aci*ording to Jiergman, be 
further disguised, and the theory blamed, liy uvexpected 
alterations in tlie substances present: — lor example, nitric 
acid separate^r marine acid from its alkaline base, a fact which 
has been known for some time ; but Mayraf has discovered 
that marine acid can, in its turn, displace nitric acid in salt- 
petre. While ignorant of the true nature of inariuc acid, says 
Bergman, this veciprocMl dispracemont of one acid by another 
has escaped all explanation ; but now wo know that marine 
acid contains some phlogistic, all diflhuilty vanishes. Nitric 
ac'id displaces muiiatic by simple affinity ; the latter yields its 
plilogistic to the nitric acid, whether it be free or combined 
with a base, and liemte their reciprocal displacement becomes 
the consequence of this alteration. It is also thus that white 
arsenic (arsenious acid) decomposed by distillation salts 
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forinod by nitric, but not those formed by marine add, because 
tliey ;dso contained a certain cjuantity of phlogistic. 

IJergrnan erjually well explains the ahomalies of decompo* 
sition due to solubility. It hapj)ens, tliis illustrious die- 
mist, that at first no trace of d(‘(*oinposition ap])ears, though 
it has rp<illy taken pla(*e ; thus vegetable, displaces mineral 
alkali from its comhir.ation with acids, although we perceive no 
eongioinoration, no precipitate ; this eircumkance has caused 

some celebrated chemists to ^*onclude that vegetable, has no 
power over mineral, alkali. But lei us suppose that a little of 
this latter has b(‘(‘n eliminated,, is it separated ? — certainly not ; 
it remains in solution: for if wc evaporate it we shall obtain 
crffstalliZftd miiuu'al alkali, witii which we could produce 
(daul)(*r's salts or quadrangular nitre. 

1 shall luue conclude these (piotatioiis. They arc sufficient 
to show that Ih'rguian has deej)Iy studied the theory of affini- 
ties, and eiiriclu'd it wiflt numerous and useful observations. 
What he says of simple eleiMive affinities is in general exact. 
'J'he irnperfi'crioiis that we remark in it, extend oven to the 
state of (lie seicuK'c, still uncertain aiul often obscure in its 
march; and perhaps tlie Chvmiad Sttrlirs lias made us too 
qni(*k!y fnrg(‘t th(' r(‘al s(*rviees Bergman lias rendered to })hilo- 
sophical cluMnistry. 

In wl>.at coneenis double elective affinities, with the equili- 
briinn of aetiv^' and quiescent forces, Bergman has certainly 
shewn great clt'arness : his explanations are seduciftg ; but 
he Ijas not uiuUTstood the correct explanation of the precipi- 
tates, ohtiuned by the c(mcourse of double affinities. 

B(Tgman, in inutation of (HeoflVoy, has explained nothing 
concerning llu' measure of aflinilies, aiuyhe was right. 'J'his 
i[Ucstion is (*ven now a dedicate one, and not* at all easy of 
access. He h.^s confined himself to arranging the bodies by 
fheir greaf^n- or less affinity. 

Such wore the ideas of Bergman on affinities, whi(di were 
prevalent 'till Berthollet published his researches on affinity, 
and liis Chemical Statics^ hut, they were them eclipsed by the 
great eclat tlirow n on tliese two ])roductions. 

Bortholh't, in the study <»f affinities, w'as engaged with tw o 
principal ideas : the influence of llie force of cohesion in che- 
mical plieiiomeiia, and the proportion of affinities, which he 
thought to find in the mass of bodies that enter into com- 
bination. 

According to this iUustrufus chemist, cohesion or reciprocal 
attraction of similar molecules is a powcrtul force which can 
balance the affinity of liet(wogcncous molecules, and determine 
combinations and decompositions. 
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It does not exist at the time it shows its effects only, bat 
even a long time before it becomes effectiv^. He shews 
from this analogy, that as soon as a liquid becomes gaseous, 
and a gas liquid, the Vlilation of the former, already influenced 
by the gaseous state it is about to take, and the contraction 
of the second, influenced by the li<juid or solid state it is 
taking, follow a progression more rapid than the grodtest dis- 
tance of this term. But this argument of Bergman for the 
establishment of the influence of cohesion, some time befon^ 
its effects are manifested,' remains without foundation, when 
we consider that there is no unique, constant point for the 
change of a liquid into an elastic fluid, and reciprocally; but 
on the contrary, this change is incessant at all temperatures 
and under all pressures. 

Whatever opinion others may form from Berthollct’s de- 
monstration, it is sufficient for me to state; that he adopts the 
pre-existing influence of cohesion, and that ho has made it 
enter into all the precipitations and chemical solutions. 'I'lie 
affinity,' says he, which may produc-e the solid state, ought to 
be considered as a force which not only acts when the solidity 
appears, but even before that time ; so that every time he 
produces a solid substance, whether by separation or combi- 
nation, we must look in the reciprocal action of the parts 
which acquire solidity for the (;aiise itself which produced ii, 
although it may not be manifested before. 

'ITie theory of decompositions has received from Bcrthollet 
unexpected improvements. We are ihdi'bted to him for the 
principle that the change of acids and bases between two salts 
takes place, every time the salts proceeding from the chatige or 
only one of them, l^ave l(;ss solubility tlian the given salts. 
This principle is of a' fortunate fertility, and, we may say, con- 
stitutes one of the finest acquisitions of chemistry. But Ber- 
thollet taking cohesion for the first cause of double decom- 
position, does not appear to me to have given the true demon- 
stration of it. He supposes it is the cohesion of the salts 
not yet existing, which nevertheless determines their formation, 
and this ‘supposition is inadmissible. For if wo can jigree 
with him that the cohesion begins to act in the solution of a 
salt before the time of crystallization, there is no more of it 
even when the salts do not exist any longer, as in the case 
of dio mixture of two saline solutions* 

Bergman supposed that affinity was an absolute force, ad- 
initting no division in its effects; and had only established 
among bodies a relative aflBnity. Berthollet, on the contrary 
believed that affinity was not used in an absolute manner, with- 
out division ; that thus a base in the presence of two acids 
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did not exclusively combine with the most powerful, as Berg- 
mcn thought ; but. that it divided itself between the two in 
proportion to their affinity and quantity, dience the principle of 
Berthollet, that the affinity of different ticids for the same alka- 
line basSf is in the inverse proportion to the ponderable quan- 
tity of each of them^ which is necessary for the neutralisation 
of an equal quantity of the same alkaline base» At present, 
and, 1 may say, for some time past, this measure of affinity has 
been abandoned ; At the time Berthollet wrote his Statique 
fhimique^ the atomistic theory was* but little understood, and 
some years later, Berthollet would certainly not have pro- 
posed a method of measuring affinity that gives nothing else 
but the atomic weights or equivalents, which we know to be 
independent of chemical attractions, or at least to have but very 
distant connexions with them. I hope hereafter to be able to 
return to this subject, as well as to the division of one sub- 
stance between two antagonists. For the present I shall con- 
fine my observations to the force of cohesion, since it is made 
to take so large a share in most chemical phenomena, and as it 
is of the utmost importance to the better appreciating its real 
iufliience. 

The attraction of hetreogeneous molecules has been rightly 
distinguished after Bergman, from that of homologous or sim- 
ilar molecules, which has also been designated by the name 
of agyreyation, and since Berthollet, by cohesion. These two 
forces have, without doubt, the same origin, but not appearing 
to have any common tie in uilferent bodies, their effects could 
not be confounded. 

Cohesion itself takes different names from the lights in 
which we consider it. It is called tena^ly^ when weight or 
for' o is o])poscd to it for determining tne nipture of a body. 
It is called htirdne,ss^ when taken for the resistance one body 
offers toi»another with which we w'ish to cut it. Tenacityt 
and hardness are evidently cohesion itself ; or at least they both 
essentially depend upon it. Bodies which havcAhe most tenar 
city are also generally those which have the greatest hardness 
or, according to our notions, the most cohesion. Nevertheless 
this ought only to be understood of uncry stallizcd bodies, be- 
cause, for crystallized bodies, there exists an easy cleavage, 
and we can very well conceive that there may exist notable 
tlifferences between hardness and tenacitrjy according to the 
direction of the rupture and separation of the particles. 

Comparing among themselves the three states which the same 
body cau take, we have been led to make each of these states 
depend on the relation of the peculiar cohesion of the mole- 
cules of this body to tlteir repulsion. It is very certain that 
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in solids the cohesion is the greatest ; in li(}uids it is imieh less, 
but it is always somctliing, since there is ny Iwjuul which dees 
not take the globular Jforin, and that a drop sifrj>eiuled lrf>in 
a solid, may bo divi(k?d into two parts, of which the lower 
adheres to the higher, notwithstanding the weight which in- 
clines it to fall. 

'lire word cohesion, in a chemical point of vii'w, Is taken 
under another acceptation. Here the action is complex; the 
body to be dissolved and the solvent are both present, and 
each acts on the other, tl'he resistance the om» oilers to 
the other is called insnlubilitif, which must ni'ver be taken but 
in a relative sense. This resistance, let us now say, insolubility, 
depends essentially, according to the established hclief, both 
on the cohesion or reciprocal attraction •>f the similar mole- 
cules of the body to be dissolved, and its adinity for the solvt'ut 
we present to it. So that it is sujj])os<'d, if the body, instead 
of being solid, wero^luiuid, the solvent would take anlueh more 
considerable quantity of it. 

This, if I mistake not, is the o])iiii()n coiiiinouiy formed of 
chemical cohesion and solution. Not being able t(» divide if 
nicely, and proposing to <iiscnss it, 1 tbought I ought here 1.i> 
introduce tbes(5 details, which their shortness will without 
doubt excuse. The progress of seieuce brings daily new modi- 
fications into our ideas, ami it is very neet'ssary to fix tlu' 
starting point of a discussion, if wo wish it to bo clear and 
useful. 

But before treating of coliesion w itb regard to its inllneiK o 
in chemical pbenomeiia, I shall allow myself lo-tnrn my atten- 
tion to a physical operation which also appears conmu-ted 
with cohesion, and appears to me very proper to throw huht 
on the method of influ-mce of this force, I speak of volatiliza- 
tion. * 

I suppose a volatile body, able to jiresent itself upder the 
solid and liquid forms within tin; limit of temperature acces- 
sible to observation ; water for instance. . If tlie clastic force 
of its steam he determined, starting from 20 below zero, at 
which it is aolid and possesses a great cohesion, we liiid tliat 
the progression of tliks elastic force, is no way affected by the 
passage from the solid to the litjuid, or, reciprocally, from 
that part of the liquid to the solid state, that is to say, that 
the elastic force of ice at zero is precisely the same as that 
of water, at the same temperature ; a similar observation for 
every other degree of the thermometer at which we can find 
water at the same time in the solid and li<juid state, Uic elastic 
force of steam will remain tlie same for both; and, however 
without exactly deciding the degree of cohesion of ice, in com- 
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jmrison with tltai of Avator, we may admit that it is incompa- 
rahly proat<T, perhaps teore than a thoiK^and times. 

Tins observation which slnu k rne s«me time a^o I have 
vcriti(*d on hydrocyanic acid, which woknoAv solidifies at about 
ir> below*^ z(?ro and still preserves a very ^^reat volatility. The 
]>rf)gression of t!ie ehistic force of its str‘ani, lias been no 
wav atteM'ted at the time of the cliaime of state; and this 
result may be considcrt‘d as ^ieueral. 

Hence tluTC is no r'datifinsbip between tlic cohesion or 
attraction of llu' imtlcculvs of a* body and tlu*ir r(‘pulsive 
force ; tlu* one is consc^cpumtlv (juitc indt‘p(‘iub'nt of the 
other and tlu* clastic iVnee of ^li am 1.^. (udv di^lcmrind by the 
number of Ilirdcculcs al.>lo‘ to oaintain tbcm-fdvcs in a pa?- 
eous stato, in a limited spj\c(‘ at a -ivmi t(*mpcrature. 

llo\ve\cr when we CMn^i(ler that salt water produces a 
steam whose tcuslr.n is h‘s< than tlint of jmri* water, at the 
sam(‘ tempera* «ircs, ■' a r\*.-ulf whit h <'an onlv lie cvplaimal 
l)y ;iii alllnity of the for the saiitie mo!e^’uI(*<, v. ernav 

ask, in assimiiatine- ailinity to tiiat of wat(M' for its own 

nudeculi.'.-, if ibc' space ;i]:(>\(‘ a surface of w art*r is really salu- 
ratcMl with stea.in, that is to sav, if the ctiniiibrium <‘-tahlislie(u 
the least coolb.p' of the taken from the action of the 

water, the lea^t redui'tion i>f sp;ua^ wmniil not occasion the 
jirecipitation c»f a < ('rlain (pianlity of ^team ; or whether, for 
tlu» sauie spac'c aho\i‘ salt water, tlie saturation is not com- 
j)!efe, so tliat the steaTii taken fnuu the at tion of the li(]nid 
inipdit h(» t' 0 ‘d-^‘d or n .iuced, in Aoiinm* wiiliin c(‘rtain iinnl-', 
without the least ]»ve4 ipitation of its mon'cuU^. I am *iis- 
posed to lu*!ic\e tlist the ^pacc aho\ e puic water 
com|)!eiely satvirated with sti*am, from tne ron.sidiv’ uioa tiiat 
the ddlereiicc of tite atfractio!! of the m^ma ul^'^ t>f i?'c ;>monp' 
lluMUsi Ives, 1(|^th:U <»f the tno!c( u;t*s of Matter, ;naiU nolhiuir 
in the elr^-^tle force of tlu* stca’n «.f eacl\ of these l^xiic.--, taken 
at the same tempera.! no*. Ne\ \ rthelcss, tlu' evpcrim.ent iloes 
notapp4\'ir mi*less inlt‘restinL' to try. ami alllu^iph very deli- 
c‘ate, I propose to prc»pare for tlu' oxecnticm of it. 

'rile ohservatitm that the elastic tom* of a hodv remains 
constant at the instant of the chanye between the lli|uidity 


* It. Ii;i.s tlu* stn am whivh Cfiiirs iVom an ^al.iu* 

hnilin:*- tiuui w:n< r {at lie lor iiotaiue’' u.in ;jt lee. 

'I'his is a verv great i*ri'or ; strain 4j.is alwa\«» ihr smne r.ituiv :!•< tlu* I t"! 

bed it Iravt’iM’s ; but wbal hat rau'.rd tlu* <K «-i'pUon 1*^, tiiit slrato, A'* 
alitoc'verA' itlhor f lastic tltiid, rooN \t'rv rapidly unlit ilu* limr ol'llu'ir t touii joa- 
whi'ii the cooling i« iimrr powt rfuilv i’oinj»ru<.itfil bv tlu* hb< ration ol’ 
tbfir hitiMU caloric.. 
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and solidity, doubtless clashes with the received ideas relative 
to the molecular constitution of each of these ^tates ; but it 
would not oppose them less even if we derived from it the 
consequent, that molecular attraction is the same for a liquid 
as for a solid at the instant of the change of state ; for this is 
accompanied with variations as much in the volume of the 
body as in its quantity of caloric, which appears to arfnounce 
a great alteration in its molecular constitution. And whether 
the molecules in taking the solid state, are only caused to 
approach; whether they dre jdaced together otherwise; or 
finally whether they unite in small geometrical groups which, 
by their arrangement, would modify the volume of the body ; 
results all of which, depend necessarily on another mode of 
action in the molecular forces ; at least it is (;ertain from our 
scientific analogies, that they are then in very different con- 
ditions from what tjiey were before the change, and it is still 
very remarkable that their clastic force is indifferent to all 
these pertubations. 

These preliminaries established (and 1 consider them of 
great importance from their connexion with the principal 
question which I have started) I shall turn my attention to 
the effects of cohesion, and follow them up more particularly 
in solutions. 

We w'ill look for some bodies uniting the double condition 
of being soluble in a sulvent, and of being able to appear 
solids and liquids within a(!cessible limits of temperature for 
the determination cf their solubility. 

Among salts I do not know of any which’ combine these 
two conditions. 

Among acids, 1 ^longht camphoric acid, of whi(*h we find 
a table of solubility in Berzelius, from Braudes, would 
furnish me with an example of solubility umbr the desired 
conditions ; and in fact this acid whose fusibility ir given at 
63®, appeared to show a solubility above and below this 
point, which '.vas subject to a law of regular continuity. But 
wishing to repeat these experiments of Braudes with some 
camphoric acid, such as is ohtained from M. Leibey, I per- 
ceived that this acid w'ould not fuse even at 300®, and conse- 
quently I abandoned it. 

Among inflammable bodies, cetinc, paraffine, fat solid acids, 
present no anomaly in their solubility in .alcohol while passing 
from the solid to the liquid state ; the progression in propor- 
tion as the temperature increases is perfectly continuous and 
regular. I shall give by and by these different solubilities, 
regretting, much, that I have not among the salts more 
conclusive examples. 
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But the cohesion of these different bodies while they are 
solid being greater than when they are liquid, and their solu- 
bility not being disturbed at the infant of changing from 
one state to another, neither before nor after it is absolutely 
necessary that it be indepi'ndcnt of the cohesion. 

Furtjier, if I take the solubility of an oil in alcohol I find 
that it* acts in general precisely like that of a solid, although 
ii(|uul, that is to say without great cohesion ; the solubility, 
very feeble at a low temperature goes on increasing progres- 
sively with it. Thus a body whether it remains constantly 
li(|ui(i, or whether at first solid it afterward becomes liquid, 
presents under each of these circumstances the same kind of 
solubility. 

(iaseous substances themselves suefi as chlorine, do not seem 
to me to undi'rgo any alteration in the progression of their 
solubility at tlu; moinc'iit of their change ©f state. 

Finally, if the cohesion of a salt had a great influence 
over its solution, the solvent would never be completely 
saturated by simple contact with it, and the solution separated 
from the salt, might he reducetl in tenq)crature a certain 
number of (logrroes witlioiit giving up the salt. But it is 
not so, setting aside the ac^cidental circumstance of inertia of 
the molecules, the solution gives up salt immediately it be- 
comes the least cooled. 

lienee 1 am inclined to think cohesion has nothing to do 
in general with solution. As the elasticity of vapours, so, the 
solution of a boily, varies with the temperature; it is doubt- 
less, also eonneetetl with the reciprocal affinity of the solvent 
and the body dissolved ; but tbe efloets of affinity not being 
variable with the temperature, whih* tb»se of solution depend 
essentially upon it. it woiild be difficult not to admit that i«i 
solution as i« evaporation, the j)rodnct is essentially limited 
to eaeh«tlegree of temperature, by the number of molcHniles 
able to exist itt a given ])ortion of the solution ; they separate 
themselves for the same reason as the elastic* molceulcs are 
precipitated by a decrease of temperature; and probably also, 
like these latter, by the compression and reduction of volume 
of the solvent. 

'rims whtni the temperature decreases in a solvent saturated 
with a body, the molecules in excess with regard to the new' 
tcmperattire will be precipitated, not by virtue of the cohesion, 
which we suppose ought to incline them to separate aiut 
aggregate, but because they can no longer be maintained in 
tbe solvent as takes place* ftir a vapour saturated space w hieh 
has just been cooled, benec it would be of but little matter 
whetlicr the molecules repulsed from the midst of a solvent* 
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once separated, took the solid, or liquid; or even the 
elastic form. ’’ 

Whenever solution is*^ essentially connected with vaporisation 
in this manner, that both are dependent upon the temperature 
and obedient to its variations. lienee tiiey ou"ht both to 
afford, if not a complete identity of eirec'ts at least a great 
analogy: their essential dillcrence consists in the gaseous mole- 
cules not having need of a solvent to keep them in a given space 
their repulsive force being suilieient for this j^urpose. On 
the contrary in the solution of a solid or licpiid body, the 
molecules could not keej) themselves in the space i/they were 
connected by aflinity with the molecuh's of the solvent, "i'his 
condition fulfilled, the solution following its parti(;ular course*, 
yielding to temperature *as every vapour lias also one particu- 
lar to itself. 

Hence the analogy wliich solution and va])orisation hav(‘ 
holds to their complete submission to temperature ; and as tlui 
variates it appears to mo in(*ont<*stahle, that tlie elastic 
force of the vapour of a body is (juite indejx'udent of the 
state of this body or of the cohesion of its inoh'cules since it 
remains constant when tlie latter varies, 1 sluill still he dis- 
posed to admit from these analogies that solution is regularly 
independent of eoliesiou. 

However, if tlicrc exist analogy between vaporisation and 
solution, we may ask, why while Hie elastic force of vajxnirs 
follows a regular ascending law, the solubility of some salts 
such as sulphate, sehmiate of soda, jireseiits all at once a 
point of repulsion and a decrocasing course*. 

I shall remark first tliat the difliculty remains the same 
whether there be air analogy between vaporisation and so- 
lution or not, andtlius it eannot constitute a seriems objecti- 
on ; in the second place the retrograding point iir Hu* solution 
of some bodies, may be easily explained liy the eonsideraton 
that at this point it is no longer the same body which conti- 
nues to be dissolved. Thus for chlorine from 0'^* to alifiut 8^ a 
space of temperature during which it is in a hydrate staN', 
the solubilty is ascending but at this latter point, "the hydrate is 
overeome and immediately, as the solubility follow's a (le(*reas- 
ing progression as far as 100, at which it is almost nothing. 
This is very evidently hydrate of chlorine wdiicli is dissolved 
from 0 ’ to 8^' above that of chlorine only. Finally for sulphate of 
soda, the decrease of the solubility in proportion as the temper- 
ature increases above 33^ may be attributed to a diminution of 
affinity. 1 shall return to the solilbility of this salt. 

As there is some interest to know whether a salt susceptible 
of forming a hydrate, dissolves in water, hydrated or anhy- 
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flratcd, I shall mention a fact which seems to me necessary to 
remove the uncurtainty : it is that, whenever an anhydrous 
salt, or any^)ther body not having iho property of forming a 
hydrate, is dissolved in water, there is constantly a produc- 
tion of cold ; and that, on the contrary’^, when the salt can 
form a^liydrate, there is a production of heat. When the 
hydrate is complete, before the solution in water the case is 
tlie same as wlnm tb(‘ salt (*a-iinot be hydrated. \Vc may 
perceive that it might sometimes liap[)eu tliat the heat pro- 
duced by the liydnitlon was less*thau the cold produced by 
the cliange (0* state, but I have not yet ])crc.eived any excep- 
tion. 'riie fact that 1 have just particularised will also esta- 
Ijlish a fresh analogy between solution and vaporisation, 
relatively to the iieat remdered latent in tlie change of state. 

In comparing solution with comhination, we may assign 
a remarkable diirerence between them, ^ viz. that solution 
varies at every instant with the tem})erature w hile combination 
is not similarly obedient to these variations. 

If my observations be correct, they will greatly w^eaken 
the inlluence wliicli H(*rlhollct lias attributed to cohesion ill 
all chemical phenomena; but 1 feel too much the weight 
or this illustrious aiitlioritv not to be, in defiance of luy 
own Jirguments, and not to be staggered in my new con- 
^ictions. It is with this sincere feeling of doubt, that I 
shall indicate some applications of the light in wliicli 1 
coiJs:<ler cohesion. 

IJcrthollet lias often repeated that when one body precipi- 
tates Jiuoliier from it, it is nut always an indication of a 
su})erIority of afiinily ; that it is the cohesion which takes the 
precipitated w'hicli iietermined tlu* dccon^iosilion. 

From the princijiles which 1 have esc ablis^ied, ('oliesioii on 
the contrary, only a secondary place in the prec ipitation, 
as in th^ solution : the precipitation is a constant jiroof of a 
greater atlinity ; coliosion only show s it by rendering its effects 
sensible. • 

With regard to decompositions by double affinity, our 
explanations are ecjiudly divergent. If wo siibmif a solution 
of sulphate of soda with one of nitrate of limi? it makes a 
precipitate of sulphate of lime, and nitrate of soda remains hi 
solution. 

Hergman explains this result by saying that the sum of the 
active uffiniries wdiicli are iu motion carries it over that of tlie 
quiimeetU affinities. 

According to llerthollet •thero is a double deeornjiosititm, 
because the sulphate of lime is the most coherent of the iour 
salts which may be conceived from the mixture iu the solution, 
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previously to all precipitation. Berthollet conceived that 
although the sulphate onime does not exist,* still the cohesion 
which it must take determines the formation of it as well as 
the separation. 

This explanation I believe has never appeared satisfactor)\ 
As long as tlie sulphate of lime is expected not to exist in the 
solution, the cohesion that it should take cannot be cited to 
explain its formation and precipitation ; and for the same 
reasons we can no more invoke iho insolubility : it does not 
determine the change as a first cause, it only remlcra it sensi- 
ble and effective, when it has been used in determining the 
separation of its products. What then is really the cause 
which presides over the decompositions by double affinity ? 

If we turn our attention to the precipitates resulting from the 
action of the double aifinites, we find that those arc not the most 
stable precipitates which contain acids and the most powerful 
bases. Thus sulphate of potassa although formed of elements 
endowed with a powerful aifinity, is transformed in its mixture 
with acetate of lime, into sulphate of lime, the base of which has a 
much less affinity for the sulphuric acid, than the potassa. lu 
the mixture of sulphate of lime with carbotiatc; of ammonia, 
the lime is precipitated with the carbonut acid in a inueh less 
stable combination than it formed at first. It would be easy 
to give many similar examjdes. 

Hence it will not be correct to say, that after the mixture 
of two saline solutions, the strongest acid always combines 
with the strongest base; it would appear on, the c.ontrary, 
that the salts in a stale of ncutralizatiou, may change acids 
and bases independently of their reciprocral affinities. 

Judging only by tjj^e results of experiment, the change is 
manifested by thp precipitation of a new' insoluble salt alone, 
whose formatiop, according to Berthollet, wouhl ovcu be the 
cause of the change. But as the reasons he has giA^m for it 
are not satisfactory, wc may ask, if the cohesion of a salt not 
yet existing, ov its insolubility, which does not even carry the 
idea of cohesion, can exercise their action before the formation 
of this salt' and be the real cause of it ; or rather even, if not 
being able to determine this formation they only exercise tlieir 
influence afterwards, causing the separation of one of the new 
salts produced at the moment of the mixture. 

To myself, after the observations I have presented on the 
slight influence of cohesion in solutions and chemical precipi- 
tations, the question does not appear doubtful. 

1 shall recdl to mind first thut'thc solubility of a solid body 
in a Solvent, is no way affected by the difference of molecular 
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attraction between the solid and liquid state, that consequently 
the change cannot be affected any longer. 

But to these considerations we may axld others which appear 
to me of great weight. 

The change between the acids and bases of two salts may 
take place, according to Berthollet, in several ways. Besides 
the insolubility which most usually determines it, a difference 
of fusibility, density, and volatility, may also, very well produce 
it. But in the case, for example, of a difference of volatility, 
we can no longer invoke the rceiprftcal affinity of the molecules 
as for a solid, or even for a liquid, since. Oil the COlitrary, the 
molecules of the salt which is separated are in a btate of re- 
pulsion, and that we may also demonstrate, as in the case of 
insolubility, as in that of volat’dity, it is always the most 
volatile salt that is formed. 

Thus the change taking place, accordjngf to the received 
opinion, under very different circumstances of solubility, den- 
sity, fusibility, and volatility, one of them cannot be the true 
cause of the ehango to the exclusion of the others, and con- 
sequently this cause ought to he consiilcred otherwise, inde- 
pendent of these different eirouinstauces. 

Since the change is not determined by the reciprocal 
affinity of the acids and bases, since also it is no longer by the 
secondary causes we have just eimmoratcd, and as however 
these latter cause separations, it necessarily follows that the 
change precedes them, and wo can only be satisfied with re- 
gard to these lUffereut eaiuses of separation, by admitting that 
at the moment of the mixture, before any separation, there is 
a complete confusion between the acids and bases, that is to 
say, the acids combine imlifferently witl/the bases and recip- 
rocally ; the order of combination is of Jittle.importance, pro- 
vided the acylity and alkalinity are satisfactory, and they are 
evidently' so, whatever equilibrium may be established be- 
tween the acids and bases. 

This principle of indifference of e<jnilibrumi*(e(7M/poWc«ce) 
being established, the decompositions produced by double 
affinity are explained . with very great simplicity. At the 
moment of the mixture of two salts, two now ones are formed, 
bearing some relationship to the two former, and allowing one 
of these properties, insolubility, density, fusibility, volatility, 
&c. to be stronger in the new than in the givim salts, there 
will be a disturbance of the equilibrium, and separation of 
of one salt, sometimes even of several. 

Still it is essential to conshlcr that, although we admit a con- 
fusion at the time of the mixture of two or more saline solu- 
tions, it may not always rigorously take place. We kiunv in 
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fact, that the molecules of a compound oppose a sort of inertia 
to the change, and that time or disturbance's o(ten necessary 
to cause this change.' Many saline solutions, and particu- 
larly that of suli)lxate of soda, keep themselves sur-saturated 
ut very inferior temperatures to that at which they ought to 
begin giving up the salt. A solution of sulphate of magnesia 
mixed with a solution of oxalate of ammonia, when left undis- 
turbed, gives no precipitate of oxalate of magnesia for a long 
time after tlie mixture, whereas it is produced in a few 
seconds by means of a rapVl agitation. Besides this circum- 
stance of the im^rtia of molecules, which is opposed to the 
change, w e may admit, in the case of a complete recij)Vocal 
saturation, such a state of indiirereiice, or if we prefer it, in- 
stability hctwceii the acids and bases, that the; slightest cir- 
cumstance, even a very feeble cohesion, might disturb tlie 
equilibrium and dejennim? the change. 

liven admitting that the confusion lias taken place, we might 
yet conceive that the scjxjiratlon of the newly formed salts, 
would not be instantly edccted, and for this reason wc* see 
that water remains liquid several d<‘grt»e,s below zero. Henx'o 
it is ])ossible to conceive that the reciprocal action of the 
mole(*alcs uhich separate themMdvos from the solvent, deter- 
mines and accelerates tlio ]>honomenon. But this reciprocal 
action of the moh^udes to reunite into a licjuid or solid mass, 
I always consider as only (Xtcupying a secondary place in 
chcmicahphenomena. 

It is easy to demonstrate the change between the elmm'nts 
of two salts, although it may not be accompanied by llu? foi- 
ination of a precipitate, lad ua imagine a solution of sulphate 
of protoxhlo of iron^.^and pass through the mixture a current 
of snli)huratcd hydrogen : there will immediately lx; made a 
precipitate of sulj)liuret of iron, wl;ichiiiak(.’s us suppose tliat it 
Avas formed previously from tlx; acetate of iron, i kwow that 
in the real case, we may object to this change having taken 
])lace betweeU the strongest acul, sulphuric, joined to the 
strongest base wdnch is here the soda ; hut tlic objection will 
not appear founded if we recollect that the reciprocal atihlity 
of the acids and bases appears quite foreign to the format iou 
of precipitates formed by the concourse of double allinitics. — 
Every other base besides soda, tlu; weakest* we can choose 
among those wliich are not ])iccipitated by the sulphurated 
hydrogen, would produce a similar ettect. Thus a(*etatc of 
aluminc mixed wdth suljdiate of iron, determines its decompo- 
sition by sulphurated liydrogen. • 

The princij)le of chemical equilibriums which 

lias just been admitted with regard to saline substances, ap- 
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pears to me to extend to^ all analogous compounds, that is 
to say to all those, in which the sum of the neutralizations, 
after the miiture will be the same <as before,, as for ex- 
ample, for water and a chloride. 

Here is a very remarkable fact. It would appear that, in 
the reciprocal combination of two acids with two bases, there 
is expea'ded a certain quantity of action, whether chemical or 
electrical, which remains constant in the change. 

I had wished to say a few words on solution : but I find 
myself prevented by the difficulty of the subject, which is 
much greater than it appeared at first sight. I shall confine 
myself to remarking, that the word solution is applied under 
very dissimilar circumstances, which ought, however, to be 
carefully distinguished, lu a solution properly so called, such 
as a salt in water, there is no decomposition between the sol- 
vent and the body dissolved ; the effect varies in general with 
the temperature. On the contrary, in a solution by an acid 
Of alkaline solvent, there is generally decomposition, forma- 
tion of new products, and the cftect no longer varies with the 
temperature as iu the other solution. Hence wc must deter- 
mine in each particular case, whether it is simply solution, 
whether it is the consecpieuce of the formation of new pro- 
ducts, or if iu that these two cii-cumstances cannot be joined 
together. But to arri\e at this determination some data, 
which will form the subject of another memoir, are still 
wanting. 

1 terminate this first work without having nearly exhausted 
the matter it embraces, hut as I said at the beginning, the 
matter is difficult, and I had only promised making a few ob- 
servations. Perhaps they "“will have moj^ interest in being 
strengthened by these 1 have yet to present. In the mean 
time I leave that to the critieism of chemists* and shall con- 
sider m;|^self liappy if, at least as conjectures, they attract 
their attention. 


XLV. Optics. — Note on irradiation ; M. J. Plateau.* 

At the session of the 6th of May last, M. Arago much 
wished to entertain the Academy with my memoir on irradia- 
tion, and presented at the same time some observations on the 
theoretic part of this work. M. Arago thought that we could 
not preserve the physiological explanation which 1 have en- 
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deavoured to conllrtn, and advances a new theory from which 
the irradiation would be thi result of the, chromatic aberra- 
tion of the eye. The/jonsiderations mentioned by M. Arago, 
not having been printed, I have been prevented from becom- 
ing perfectly acquainted with them, and am not aware of their 
tending to refute the arguments I have brought forward in 
. favor of the physiological theory. 1 shall not hetc recall 
these circumstances, but shall content myself with examining 
the new hypothesis presented by M. Arago. 

It is true, the eye is uot,<it present, recognised as a perfectly 
achromatic instrument, and it necessarily follows from this 
non-achromatism, that the images of objects are surrounded, 
on the retina, by a small band of aberration, which ought to 
increase a little the apparent dimensions of luminous objects 
projected on an obscure ground, and diminish those obscure 
objects which are projected on a luminous ground. 13ut 
whether this effect can be sensibh; under ordinary circum- 
stances, and whether the small band of aberration has suffici- 
ent breadth for us to distinguish it, and to attribute to it the 
phenemcnon known as irradiation, is the question I hope to 
solve. 

I shall first remark, that by virtue of the same cause 
which produces it, thes mall hand, which the chromatic aberra- 
tion of the eye draws around images, cannot be cxcnq)t from 
colors. Coiusequeutiy, if this irradiation, manifostod by a 
white obj^ict on a black ground, was due to this cause, it 
appears that the object would appear colored on tlie edges. — 
But among all the observers who have engaged themselves 
W'ith occulur irradiation, not one has matle the least mention 
of colored appcai^nces, and in the numerous experiments 
that I have made; on' irradiation under a great number of <lif- 
ferent circumstances, 1 liave never seen any thing similar. — 
This absence of visible colors, might, with difficulty be attri- 
buted to the small angular width of the irradiation ; the per- 
sons among whom the phenomenon has much devclopcincnt, 
will be easily convinced, by repeating some of my experi- 
ments, or« by observing the well known appearance of the 
current, that the band of irradiation is of a width quite suf- 
ficient to allow its color to be seen if it had any. 

In the second place, I do not see how it would be possible 
to explain by the aberration of refrangibility, this singular 
law to which irradiation is subject, viz.: — that when two 
objects of equal brilliancy arc only ^separated by a small inter- 
val, each of them diminishes the irradiation of the other in 
the parts in view, and that, in proportion as the two objects 
approach one another, so that at List when they touch, the 
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irradiation is notlrin" for each them at the point of con- 
tact; or how te) adihit an action exercised by aluminous imaoe 
on the aberration prodticod about another image. ° 

But wo may easily decide by direct experiments, whether 
oceular irradiation is due to chromatic observation or not. It 
is sufficiptit, in fact, to try if the irradiation be also produced 
when the object is bright, by a homogeneous light. If in this 
case, we no longer perc-eive the irradiation, we may admit as 
true, the hypotlx'sis wliich attributes this phenomenon to the 
chromatic aberration of the eye, but if, on the contrary, the 
irradiation still appears, and to the same degree as with a 
compound light, equal in brilliancy to the homogeneous light 
cmj)Ioyc(l, it will be impossible to discover the cause of the 
phoiiomeiiou in the alu'rratiou with which it acts. I'he fol- 
lowing expcriincnts have been executed for the purpose of 
deciding this })oint. , 

'J'he homogeneous light I have made u«e of is that which 
proceeds from tin; flame of a mixture of alcohol, water, and 
salt. 1 liave imbibed with this mixf,ur<> a (juautity of cotton 
wick which I put behind an unpolished glass jdaced ^ ertically. 
This mixture lighted in a dark room, gives a voluminous 
llaino, and the unpolished glass obscured on the other side, 
forms a tolerably bright luminous lichl. To render the light 
still more homogeneous, I jdaced between the flame and the 
unpolished glass, a glass of a deep yellow color, i’.very 
thing being thus prepared, I placed successively before the 
unpolished gl;iss, t.h(? apparatus already dcscriltcal in the ‘28th 
section of my memoirs, and that which served for my ex- 
periments or measure, after having redueeib in this latter, the 
vertical edge of the movable plate, by pi'»f«)ugiug that of the 
fixed one. These ajiparatus thus projoeled, w*'re placed on a 
field of very amsidcrahle brightness, and a liglit so nearly 
approached to homogencousnoss, that, in observing them by 
refraction across a prism placed vertically at five inefrtxs dist- 
ant, their image not only preserved a perfect iifainness, but 
only presented laterally a greenish shadow so faint that it re- 
quires great attention to perceive it. I ought also to* mention, 
that in order to give the eyes more sensihilily, the experi- 
ments have not been made by ilay in a dark room, but at 
night. 

But, under the circumstances I have just described, and 
which necessarily exclude the effects wliich might liavo de- 
pended on the aberration ofl’efrangihility, the above apparatus 
have shewn me a very distincC irradiation. 'I'lic same result 
was discovered by M. M. Btirggrarve and I.e Francois, two 
of the persons wlu) assisteil me in the t'xccrimcut or measure 
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mentioned in my memoir, and who are, ^therefore, accus- 
tomed to judge of the phenolhena of irradiation. In order af- 
terwards to test the results produced, and those which would 
arise from a compound light, and one of a similar brilliancy, I 
placed before the above mentioned unpolished glass, another 
similar glass, behind which I lighted several wax candles so 
disposed^ as to alford an uniform light, and these I moved to 
and fro’ till the brilliancy of (his second glass ap))eared equal 
to the first. An opaque screen also septirated the wax-cau- 
dles from the alcohol fianu?, so thatoacdi of the glasses received 
but one of the two lights. 1 had thus two luminous fields of 
the same brilliancy, but, of which, one was lighted by a homo- 
geiieOllb yellow light, and the other by u light, which, without 
being as white as tliat of the day, was evidently sufficiently 
compounded for the purpose. 1 then placed before these two 
luminous lights, the apparatus of irradiation in themselves 
identical, and so disjiosed, that in observing thorn simultane- 
ously, it was easy to perceive if the irradiations developed by 
the two lights, differed sensibly from each other. Jhit this 
com))arison, made by the two jiersons before mimtioned, and 
myself, gave us no apjircciable dificretuje ; the two apparatus 
shewed a distinct irrailiation, hut that whicli proceeded from 
this compound liglit was neither more nor less extensive than 
that which arose from the homogeneous light. 

These facts 1 think, lead to the following necessary con- 
clusions, that wc must admit the existence of the aberration 
of refrangihility of the eye; which irradiation ought to he attri- 
buted to another cause, and the effect of the aberration con- 
sidered as entirely hidden, under ordinary circumstanciis, by 
the band of irradia'.,Yoii. 


XLVI. Brh'f notice of the Extrication of Bftrium, Stron- 
tium, and Calcium, by exposure of their chloiidcs to a 
powerful voltaic circuit, in contact with mercury as a 
^\cathode f and the distillation of Ihe resnlliny amahjams 
by means of vessels of iron* 

Agreealdy to the statements mailo by Sir Humphrey Davy 
in his liakerian lecture, that celebrated chemist was not 
quite successful in isolating either barium or strontium, as he 
declares that he was not enabled to expel from them com- 
pletely the mercury, by amalgamation with which they had 
been reduced to the inctaUM; state from that of oxide, lii the 
most successful experiments mad<? by him for the isolation of 
calcium, the tube broke, and the mass took fire before the 
distillation was accomplished. 

* I’Vum iSilliinan*s Journal. 
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Dr, Hare has recently obtained, by an improved process, 
all three of tlie metals above mefltioncd. In this, saturated 
isolations of the chlorides are substituteilfor moistened oxides; 
the mercury and solutions being both refrigerated by ice- 
water, or a freezing mixture within receptacles contrived for 
the purpose, 'rwo deflagrators, each comprising one hundred 
CruicksGank ])airs, severally exposing one hundred inches of 
zinc surface, were employed alternately. In conseejuence of 
this mode of operating, the charge of acid, at first feeble, was 
gradually strengtheiicd by additions, so as to render the re- 
action towards the close as forcible as at the commencement. 
This is liighly impf)rtant, since the difficulty of decomposing 
the chloride increases with the (piantlty of calcium combined 
with tlie inert* ury. 

Tlie resulting amalgams were severally sulyecfed to distil- 
lation by means of a crucible enclosed in an air-tight iron 
alembic, being protecti'd from the access of air by caoutcfhou- 
cliine naphtha, mcrcp.rv and desiccated hydrogen. For the 
complete expulsion of the mercury, a heat above the soften- 
ing point of glass was necessary. 

So groat w as the avidity for oxygen of the nu^tals thus ob- 
tained, that to see their l)right, metallic white colour, the eye 
must follow closely after the mcnemeiits of a file or buniisher 
employed to expose a fresh surfaci*. Metallic whiteness is 
soon succeeiled hy a straw* color, as iti the (‘ase of steel filed 
at a high temj>eratun\ But the whole mass is soon /educed 
to a pulverulent oxide. Of this the color is dark, in conse- 
^pience of a n^sinous coating resulting from reaction of the 
metal with tht' naphllia necessarily employed to ])revent the 
excess of atuu)sj)licri(* oxygem. In coiisco/ienee of this coat- 
ing being insolnhh^ in water, hut readily soluble hi hydric- 
ether, oxiiiizemeut ensues more readily in the* last-mentioned 
licjuid tliaji in wjitcr. 

Tlie nurtals in (jnostion wore all brittle, and much harder 
than jxjtassinm or sodium, liy the evolution of tlio mercury, 
they are left in a form resembling, in some degree, tluit of 
metallic arsenic, 

Davy inh)rnis us that he cin[»loycd only fifty or sixty 
grains of mercury. Dr, Hare has employed a half-pound 
avt)irdnpoise, which is seventy times as great, and is under the 
impression, that with sixty grains it would not be possible to 
isolate a perceptible (pnnitity of calcium. Operating with 
much larger (|uantities of ivmalgam, he has found no residue 
besides a stam upon the glass of the tube employed to 
distil off the meremry. 
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XL VII. Process for a Fulminating Powder—for the Evo~ 
luiion of Calcium and Galvanic Ignition oft Gunpowder ; 
hy Dr. Hare. 

An equivalent of qniok lime, with an equivalent and a half 
of bycyanide of mercury, is subjected to a red heat in a porce- 
lain crucible enclosed within an air-tight alembic ’v)f iron, 
so as completely to exclude atmospheric air. 'I'hc result- 
ing residual mass was found, in two experiments, to have the 
weight which would correspond with an etpiivalent of calcium, 
united to an equivalent of cyanogen. From the liltered solu- 
tion of the compound thus produced, in acetic acid, a preci- 
pitate was obtained by the addition of nitrate of tlm protoxide 
of mercury. This precipitate' w'hen“wel! dried was found to 
constitute a powder capable of fulminating by percussion. 

Isolation of Calcium by the dejlag ration, in a receiver, of 
desiccated hydrogen, of the. compound formed by iyniliny 
in a close vessel, bicyanide of mercury with imrc guick 
lime. 

By exposing the compound of cyanogen with calcium, ob- 
tained as above mentioned, either in vacuo or in an atmosphere 
of desiccated hydrogen to a current from two hundred pairs 
of Cruickshunk plates, each comprising one limidrcd s(|uare 
inches of zinc surface, the calciuui apiic;nvd to be isolated. 
I’articles? displaying metallic characteristi'. s under the bur- 
nisher, and which effervesced in water, wt're. observed, while 
the gas escaping had au odor re.-annhling^^that of silicurctted 
hydrogen evolved, by silicuret of polassiuiri, under lil.e eir- 
cum.stances. 

Dejlayration^of phosphuret of calcium. — By exjaisnre of 
the phosphuret of calcium to the current from the deff igrat<jr.s, 
as above described, calcium containing a trace of phosphorus 
appeared to remain, 'i'he j)ho.sphorus was condcn.sed upon 
the receiver ih sufficient quantity to obscure the glass. The 
residual mass thrown into water (‘ifervesccal extricating hydro- 
gen slightly phosphoric in its otlor. When comptiunds of 
carbon with calcium were similarly exposed, the residue had 
a metallic appearance, but did not decompose water. 

On one occasion, a portion of the 'charcoal forming the 
anode was fused into a globule, having the consistency and 
other characteristics of plumbago. It appeared more com- 
pact than the globides obtained By us many years since, of 
which a portion was forwarded to Dr. Hare at the time. 
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Of Professor DgnieWs adoption of Dr. Hare's\method of 
igtljting^ gunpowder by galvanic ignition. . 

• 

During the summer of 1831, a method of igniting gun- 
jiowder by galvanism was contrived by Dr. Hare, the idea 
having been suggested by the abortive efforts of an ingenious 
individual of the name of Sliaw, to effect this object by me- 
chanical electricity. Of the iipparatus described for the pur- 
pose in qu(!stion by Dr. ITarO, engravings and descriptions 
were published in this Journal in ihe autumn of 1833. We 
advert to these facts now in conse({uencc of the recent 
publication of analagous experiments by Pro. Daniell, 
King’s College, who in this case, as well as in that of his 
“ re-invention” of a hydro-oxygon blow-pipe of Dr. Hare, 
was no doubt ignorant that he liad been anticipated. 

In ])crforining his experiments, it w'onld seem that Pro. 
Daniell used his ingenious aj)paratus, kliown as the sus- 
taining battery, which, although peculiarly qualified for the 
j)i‘oduc.tion of a durable current, is, as we think, far less 
competent than the calorimotor of Dr. Hare, to produce a 
transient intense ignition, such as wouldbe the most efficacious 
in igniting gunpowder. 

XL V III. Mel hod of ndjiisling tho Dipping Needle ; by 

'I’lioMvs Piviuiv, Professor of Mathematics, United States 

Xavy.‘ 

TO THE EDITOnS. 

Gentlemen,— Finding it necessary, some months since, to 
re’-adju-t n needle belonging to my instrn^mit for measuring 
the inagiielie dip, 1 ado))ted a method ’Cvhich, from its sim- 
plicity, 1 am induced to communicate, in the Hope that it may 
be seiviceable*to others in similar circumstances. 

I’he iifttrument being firmly fixed, and accurately levelled, 
the direction of the magnetic parallel of latitiule :pul meridian, 
and the true dij), were {ipproximately ascertained by properly 
reversing its faces, axis, and ])oles. The plane of its face 
was then made to coincide w ith the parallel of magnetic lati- 
tude, and the substance of the needle carefully ground away, 
from the. sides perpendicular to its plane of motion, until it 
assumed the same position (the vertical) upon reversing its 
axis. The plane of the face was then brought into the mag- 
netic meridian, and the needle again ground upon the sides 
parallel to the plane of moljon, so as not to affect the pre- 
vious adjustment much, until it indicated nearly the true dip. 
These processes were successively repeated, until the errors, 


^ Sillininii’s Joiiriiiil. 
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saving such.as result from the imperfection of the circles were 
found, upon making all possible rerersiop's, to be less than 
the probable errors of .observation. " 

This method may be advantageously employed in the final 
adjustment of new needles. I have employed it succeasfiilly 
in one instance. Two small screws, at right angles with eacn 
other, might also be added, which would render grinding un- 
necessary ; but their weight would prove some incumbrance, 
and they would increase the liability of the adjustments to 
derangement. 

The value of the process results from the difficulty of 
rendering manufactured and tempered steel devoid of mag- 
netism. Its correctness of principle is obvious from the 
impossibility of correct indications in two difierent positions 
of the needle, except when the centre of gravity coinciding 
with the axis of motion, the infiuence of this force becomes 
nothing in all cases. 

In making these adjustments, it is better that the magnetism 
be of feeble intensity, provided that it be sufficient to overcome 
inertia and friction; as, in this case, the influence of any 
other force is more obvious. Any two diflerent planes or 
even the same might be employed by a little modification of 
the process ; but those specified are most eligible, as in them 
the forces affecting the position of the needle, present the 
greatest disparity. 

U. S, Shii) liidcpendcTicc, Jan. 28, ls39. 


XLIX. Formula for discovering the Weight and Volume in a 
mixture of two Bases, by Dr. .Iao. M. B. IIakuun, 
Kiceboro, Liberty County, Geo.* 

' TO THE EDITOKS. 

f 

In the 12th volume of the '•* Philosophical Magazine” 
there is a paper by Mr. Golding Bir<l, upon the subject of 
“ indirect chemical analysis,” in which he gives two formula!, 
by Puggendorff, for the quantitative estimation of two different 
bases in fiiixtures of those bases. These formula! are suffi- 
ciently exact, but probably not as simple or comprehensive as 
might be desire<l. He alludes also to one annexed by the 
French translator to the “Analysis of inorganic bodies,” by 
Berzelius, which I do not find in the English translation of 
that work. As it may be well to multiply methods for the 
solution of such problems, I send •you the following formula, 
which, although from the well known principles which it in- 
volves, 1 cannot suppose that it has any claim to novelty, 1 


• Silliman’s Journal. 
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have never seen woposed for this object. If you should con- 
sider it worJ|hy the notice of the analytic chemist, you •will 
please insert it in your highly useful Journal. 

In the mixture of two bases, it is proposed to find the 
weight and volume, or hulk of each base, by having given tlie 
specific gravity of each ingredient, together with the spe- 
cific gravity of the mixture and its weight. Now, since 
the specific gravities of each base or ingredient of the mixturi! 
art^ supposed to he known in most, if not all cases, all that is 
necessary will l)(i to determine 1^’ exjjeriincnts, the specific 
gravity and wadglit of the nuxtiire, in order to find the (pian- 
tities desiri'd. Let A = Sp. gr. of one ingredient, 11 s]>. 

gr. of the, otlnw, and C ~ sp, gr. of mixture. liCt also the 
•tt’ciglit of the mixture 1, and .r and ij — the weights of the 
hasi’s; then it is evident that 

.r y ■'•-by 1 

— I — — and a: y - - 1 . 

A B C C 

These (apiations rediuaal, give 

AC~AB AB-BC 

X and y .. . 

AC— BC AC-BC 

Multijdy these fractions by the numln'r expressing the weight 
of the mixture, and we ha\e the weight of each base or in- 
gredient ; anil as the volumes are inversely as the speeilie gra- 
vities, they are found by dividing the weights by the sp. gr 
of each. ^ 

We give as an e.xample, the mixture otSixygen and azote in 
atmospheric air: • 

l.llW —1.1111 x!>" 22 3()h 

— proportional weight cf oxvgen. 

1.1111— .!t722 I38y • 

l.lUlx.yi22-.9722 1080 

y— — do. do. of azole. 

1.1111— -.9722 138!) 

Now, since 100 cuhic inehes of air weigh 30.5 grains, it 
w’ill be found that the u'chjht jter cent, of oxygen in atmos- 
pheric air is 22.2.'l, and of azote 77.77, divide tliese by the 
sp. gr. of each, and it will Ive louiul that (he rolunw ]>er cent, 
of azote is 70.8, tliat of oxygon 20.2 nearly, wliich corresponds 
exactly witli the result of the most rigid and carelul experi- 
ments. 
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A/r. Clarke Hare, 


I need scarcely remark that this formula api)lies only in 
cases where the specific gravities are (letonMined.by the same 
standard of conijiarisou, although in vwry case they may be 
reduced to the same hy an easy mathematical calculation. 

Liberty Co. Ge®. Aug. 15th, 1831). 


L. Of the Reaction of Sulphuric Acid with the Essential 

of Hemlock; by Mr. Clahk Hark, of Philadelphia.* 

If c<jual parts of sulphuric' acid and oil of hciulock be mingled 
together, refrigeration being employed to prevent too great a 
rise of temperature, a black aitid resinous mass results. Uy 
the addition of carbonate of lead and water, the unaltered 
sulphuric acid, present in great quantity, is converted into an 
insoluble suljiliate, which, mingling with the resin, gives rise 
to a yellow mass resembling putty in its consistency, while 
there will be found dissolved in the water two soluble salts of 
lead. 

The presences of a very largt^ (juantity of coloring matter, 
interf(*rcs with the (examination of these salts. Hiis, liowevor, 
in a great nicasur(M]isapp(‘ars on pr(‘ci pi taring tin' h'ad by snl- 
pbydric acid gas, rcsatiirating the lib(wat(*d acids by tlie car- 
bonate, and again throwing down the lead in the static of a 
sulpliid(.‘. Thii partially di'colorizcd acids ilms ol)taiiicd may 
then be saturated willi baryte and the V(‘sulting salts evapor- 
ated to dryness, when tli(‘v assume the app(‘aranc(* of an 
amoiplious mass. T5y waslring with absolute, alcohol, one of 
the salts j)r(‘sont in this mass is dissolv(‘d. On the solnti()n r)f 
the otlufi* in water, and snl)S(‘(|iient (rrysiallization, it [U’ovcis 
to he, the act'tate of tvirytes. 

The salt (lissolyed in llie ab‘oliol does not a])]H*av susc('])tible 
of crystallization, ju'obably on account ofitsexlroou; solubility. 
On drying it assimies a gummy a])j)(^arance, and by stiH farther 
dosiccalioii, may l>e ol)laine(l in the state? of a dry mass d(‘sti. 
tute of cohe.si(Ai, and suscaiplible of being with facility reduced 
to the sUite of a ])owder. 

When exposed to luiut in a retort, this salt resists an (?b‘vated 
temperature w ithout alt(*rat.ion, but athmgtb, if heated rapidly, 
carbonizes, giving off sulj)burous acid and a small (juantity of 
essential oil and waiter. Tliiu’e remain in the retort a spongy 
r?arbonaccoiis sul)stance, and a large quantity of sulphite of 
barytes. As this result jiroved the acid united with the barytes 
to consist of organic matter, combined with sulphuric acid and 


* Kldcst Son of Dr. Hare. 
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modifying its properties, in order to ascertain the quantity of 
the latter prcseiti^ herylos was j)roci})italed by carVionatc of 
])()t;ish, tlio ^)recij)lt:it(i weiglied and t|ie resulting potash salt 
(*v;i;Jorated to diyness. It v/as then intimately mingled with 
tlie. bliu k oxide of copper and nitrate of potash, nitric acid 
added, ami tin* wdnde mass gradually heated to redness. lied 
finnes ^pre giv<'n olf during the whole of the* ])rncess, and while 
tile nitric acid at the heginning of the operation prevents the 
(leoxidalioii of :uiv ])orlion of the suljihuvic acid; at the end, 
tlie oxi:h' of copp(u* jU'evonts tlu^ (‘xylosive reactirjn which wonhl 
(:!isue, were nitric acid and TiiiniO' of j>otash ahme jjreseiit. 

'riie result of two experiuKuits nia<lo in this iiiaiiiK'r, the mass 
after ignition lading Avaslit'd with diluted (ddoroli\ dric acid, and 
tin* solution preeipltaied by baiyU's^ was as follows ; — Carbon- 
ate of barytes gr’s. Suljibate of barytes l()i gr’s. Car- 
bonate ol‘ barytes Id^} gr’s. Snljihate of baryti's 1()J gr’s* 
'Die ([u:\ntitv of subdmrie acid as calculatcnl from ilu' quantity 
ol‘ siiljdiatc' prcHUijit:eu‘d, is in c^a.cli case, 0.51) gr’s., wdiile 
calculated from tlu^ ]jn‘cipitate of carbonate of barytes, 
on tiui sup]>o'si(ion tliat (Mie atom r>J‘ it is jirescnt in tluj 
ba.rvt*'S salt lor eaeli atom of base, it woiihl lx* 5 gr’s. in 
file first instanet*, and o.d gv’s in tlu^ sc'coiid. Jt will lln're- 
fori' be ]»erc\'i\e(l tliat in both ex])t'rimenLS the (nuintity of sul- 
]>liun!! acitb Jis eab idatiMl 1‘rom tlu' results, ex^a'eds the (juan- 
tity iK'cessarv for fonning an (xjuivahml w ith tlie base present. 
Tins must be atlrilmted either to some inaccuraev in perform* 
ing tlie analysis, or to the ])ve<(mee of a small ijuaiuity of some 
siibplio-organie a<*id, eontaining in its neutral salts, tw'o atoms 
of sulplmrie acid for each atom of base. 'L'he hurnier exjilana- 
tion is by far the most lik(dy t(» bt' true, aiyl it seems juobable 
that the composition o( a neutral salt ol’tbisacid may be repiv- 
scuited by one atom of sul]ihuric acid, om‘*atoni of organic 
mattc'r, and <fiie atom of bast'. 

A nuftibt'r ol‘ comjiounds j)ossessing the ]m>]>ertit^s of acids 
have been diseovered, ronsisting of an arid of suljibur modi- 
lital by some organic substance. These comptmnds may be 
divided into tw(» classes. In out* are comprised ^liose aeids 
wdiicli are couqiosed ot‘twa> atoms of suljilniric acid, united to 
one of organic matter acting as a base, and wliieli consetpienlly, 
ill fonning neutral salts, unite with but oin^ atlditional atom of 
base. In tbem'utral salts fonmal by thi' other class, two atoms 
ofsul])lmr are also ])n'sent hir eaeb atom of organic matu*r 
ami each atom of base, but are combined wdtli oxygen in such 
jirtiportion as to form hv]iosulphnvic acid, so that tlu‘ organic 
matter jirosent cannot be consiilered as acting the part of a 
base, Under the first of these heads may be enumorati'd the 
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sulphoviiiic, sulphetheri(s sulphoniethylic^ and suljdiocotic 
acids ; uiidor the second, the benzosiilpinirio, siil}^ioiiapthalic, 
and prohablv the siilpljovef^etie, and several others. For tlie 
acids contained in the first class, custom seems to liave assigned 
as a nomenclature, a name derived (Vom the organic matter 
entering into tlitnr com])osition, modified so as to terminate in 
ic and having the term suljdio ])refixed. For the seca’>nd, no 
fixed rule sc'oms to have been laid down. File Cjerman clu'- 
mist who discovered one ol* tht‘ tAvo acids wlu)sc comjiositioii 
lias biMui ascertained Avith suflicient acenraev to cmabh' us Aviih 
certainty to ]>lace them under this lu^ad, gave to it the name 
of benzosulplmvic, AA'hilo the other acid still retains the a])])el- 
lation of sulphona])thalic, avIucIi it reccdvcal Avhen its coinjiosi- 
tion and pro]ierties Averci still suppos('d tolx' analagons to those 
ofthcsulphovinic and other acids Avhich l)(‘longto the first class. 
The acids described in this article, if the vicnv given of its com- 
position be coiTect, must be considen‘d as ladojiging to a tlivi- 
sioTi of tljc second class hitherto unoccn])i(‘d, unless by llu' 
suljihindigotic acid of Berzelius. In tlu' hemlosul]»hnric, as 
in the otlu'r acids of this class, there is ]>rt'S(»nt oiu' atom of an 
oxacid of suljdnir modili(‘<l by an atom of organic malter which 
does not, as in the first class, act as a base, or diminish the 
saturating ])OAver of the acid. If, ihend’ore, Ave should ado])t 
the nomenclature of the ( Jerman chemists, Avilh the changt^ of 
sulphuric into hy])(»sul])huric as luaessary to designate witli 
precision die acid of sulphur in question, i‘or tlie acids (if the 
second class, calling them b(‘nzohy]»osul])huric and na])tha- 
lohyposul])hnric ; and ajqdying tlu* saim* Idea t<.> the acid 
described in this artich*, name it h(Mnlohy]?osulphuric, tin' ends 
to be attained in foi ning a nomenclature Avould ])erha}»s In' as 
AA^ell answcTi'd as is ])racticable, AA’ithoiit departing too widely 
from established \ ustoni. 

Jltmilosulphuric acid jiossesses a sour tasU* and jieculiar 
odor. It does not appc'ar susci'ptibh^, of crystallization, liithi'r 
Avhen tree or as lar as I have examined its conqnmnds, avIh'u 
coml)ined Avith base's. TIh! salts Avhich it forms Aviih jnitasli 
lime and barytes leave in the mouth a d(aided and long con- 
tiiiu(*(l iiii])ression ol’ sAAa*etness. Though extnnnely solubli' 
they are not deli(juescent. If thehcunlosiilphatt; of barytes be 
kept for a length of time at a tc'mjnu'atnre bi'tAvi'.en 500 ' and 
600''*, the sulphate of barytes and organic matter of Avhich it is 
comj)osed separate, the hitter in tlu^ shape of a n'sinoiis I)oav- 
der insoluble in Avatcr, though soluble in alcohol and ('tlu'r. 
Tliis seems a singular instance .of a body very soluble in 
water^ affording by the mere separation of its constituents, tAvo 
others eminently insoluble in that liquid. 
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In the resinous yellow mass into which the greater part of 
tlu5 hcmlock^of oil is converted by the action of the siiljdiuric 
acid, there prescnit a yellow oil which contains sulphuric 
{icidconil)ined witli it in a neutralized state. By the action of 
tether, this oil nuiy be dissolved, and by subsequent evaporation, 
(hq)osited, but when thus obtained it is contiiininated by so 
much w^sin that tliougli the presence of siilpliuric acid may be 
ascantained, it is impossible to determine the atomic com- 
posilir)n.=‘‘' 

From the reaction of sul])huric acid, with oil of turpentine, 
nolhing more a})pears to he j)roduced than a reciprocal decom- 
position ; tliougli adiffenait result might have been antici])atefl 
from the close, amdogy whieb a])pears to exist between this 
essential oil and that of hemlock. C*aoutchouehin(‘, however, 
reacts >Yitli sulphurie aeid in a manm‘,r (piite analagous to the 
oil o! hemlock, giving rise to a yelhnv resin and an acid com- 
])ound orsulplinric acid and organic matter, which forms sohi- 
bh^ salts with lead and barytes. An oil, liowever, si'paralcs 
and lloals on toj), which ajjpeurs msusce})til)lc of fmalier attack 
from the aeid. 

LI. Rcsulls of Experiments on the Vibrations of Pendu- 
linns^ with differmt snspendintj springs; hebuj the substance 
a paper by W. J. FuonsiiAM, F. U. S., rend before the 
Royal Societjp June 21, 18M8. Forwarded for insertion 
in this Journal. 

The e\)>t‘riuu*uts of which 1 am about to give an account, and 
from which 1 ])VO])ose to drawsome pracrimal conclusions, were 
unde,rlaken with a view to deteniiine wliet)ii‘r some ]>articular 
eondilioii of the suspending spring of the ])eiidulum, with 
ri'specl either to its length, its strengtli, or»l)oth, niiglit not 
cause it, with*".i ligljter iiiaiiitaiuing power to produce a given 
an; of \ibration, or, with a giv(‘u maintaining jmwt'r, to produce 
a gr<*ater arc of vibration than any other ; and auhe same time 
to ascerUiiu whether st)ine juactical means might not be devised 
for making uiuMinal arcs of vibration in tboordinury.pendulum, 
corrosi)ond to Ci\m\ intervals of time. 

My attention was drawn to the subject many yeans ago, w hen 
having replaced the sjwing of a turn't-clock by a stronger one, 
1 found tlu) arc ()l‘ vibration materially altered. 


♦ It is w(»ll known that by theccaction between chouebydrie acid and pure 
oil c)f turpentine, two species of ariiticial caniplior are generated, one sedid, 
tbc other liquid. Having obtained both of these coiupouiuls a few years since. 
Dr. Hare subjected the oil of hemlock to chloroliydrie acid by the sanio 
process, but could not thus obtain any concrete camphor. That whieli he 
did obUln was analagous to* the liquid artilieial camphor aborc mentioned. 
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Having often Tcflccted upon the subject, I ,ut length resolved 
to make sonic experiments to satisly iny niiiul respecting it; 
and I accordingly had "made for the purpose a lenticular ])en- 
duluni bob of about fourteen pounds weight, a cylindrical rod 
passing throiigli it, with a nut working on a screw at tlie hnver 
end, and sup])orting tlie bob. ♦ 

The ii])per end of the rod was slit to receive tln^ spring; and 
th(i spring and the n»d were atUiched to each oilier by a pin 
jiassing through a hole in both. 

lint before fixing the ])in, what I call an isinvhronal piece 
was slid over the to]) of tlu- rod, and if this ])art of the aiJi^a- 
ratnshad served only to attacli the rod and spring nmve llnnly 
together, and ])re\ent any wavering motion of the ])enduliiin, 
it would have naulered an im])ort«int servi(‘e. Tliis, liowevta*, 
was but a secondary and incidental e(le(‘t of its apjilicnlion. 

The ])iece, wlnrb 1 have so named, is a brass tube ;d;out live 
inches long, fitting the pendulum rod very nic(dy, and slit to 
form a S])ring for about an iiu h at tla' IkiUoui, so as to slidi' 
rather stifily on the rod. At tli(‘ ujijier end (;f tlx' tube is a 
elip^ which is made to embr.ice the sus|)cnding s]»ring firmly 
by means of two screws ; so that after tlx* jH'ndiilnm has been 
brought to the jiropin* lengfh by (he adjusting nut at (be lowca* 
end of the rod, thi' length of the. acting jaiit of th(‘ siis])i nding 
spring may be varied at ])le;jsnre, without in lb(‘ least altering 
the length of (he pendnlmn, by mi’rely sliding tlii^ isocbroiial 
piece U])* or down the rod, and tightening the screws of the 
dip, 

I also jwovided five springs of different degrees of strength, 
and a silken string, by wbicli, in tlu? first exj^eriments, the 
pendulum was suspflided. 

The peiiduluni used was an uncompensated out*, but in each 
experiment it was adjusted to ii(*arly the jaoper length for 
mean time. 

Commencing with the silken thread, or ratlna* two parallel 
threads, one behind the otlua’, 1 sus])(‘nded the jjenduliim 
within tlie ease of a cloek, perfectly detached from the works, 
no mainbairhng power being a])plied. 

Each degree of llu^ scale on wliich the arcs of vibration 
were noted, was nearly ’8 of an inch in length, and a degree 
was sub-divided into tw(mty ccjual parts. 

I drew the bob aside *2 and leaving it to vibratt^ by its own 
gravity, 1 found the arc of vibration was reduced from2'' to 1-, 

and from to in the times noted as under. 

• 

Arc of vibration from 2® to 1" iii 2()m. I.?.*!. 

Do. <lo. 1 2:i 0 



367 


By W, J, Frodskam, F. R, S. 

On repeating the experiment, tiie results were : — 

Arc of vibration from 2'’ to F'in 21m, Os. 

Do. do. 1 to i 24 0 

Drawing the iicndulnm aside P, 1 found from five succes- 
sive trials that the arc ol‘ vibration was reduced to halfa degree 
in the times I’ollowing : — 


h'rom V to I'" in 2Im. 45s, 
Do. do. 22 45 

Do. do. 2-2 0 

Do. do. 22 :}(J 

Do. do. 2:1 0 


The mean of the two jtroceding coiTesponding results is 
2:lui. 12s, Tlie dillen iice may be.' satislaetorily accounted for, 
by the dilficulty of setting oil' tlio ]H‘nduliiin at the precise 
jioint intendi d, and of noting the lime nhen the arc is di- 
minished to the pro])osed ([uantity. 

It is a]>parenl from these ex)»erimenls, tliat when a pendn- 
hnn is freely susj)ended, and h>ft tt) vibrate from its own 
gravity, the arc of vibration is sooner reduced Irom 2 to 1 , 
than from 1° to -J tis might indeed be unticipated from the 
increased re.sistance experienced by the bob, while moving 
through a greater ^)tace in the sanu' lime. 

1 attached the jicnduhnn, snsjn'ndod au'before, to a clock, 
with a maintaining jiower of (ilb. 8oz., but the clock stopped 
in 39 minutes ; and setting it olf again, it stojiped in 13 mi- 
nutes; but on* applying a weight of (ilb. lloz., the clock con- 
tinued t(* go; thus sluoving that a weight of (ilb. lloz, was 
sidlicicnt to keej) the ja'iiduhnn in t ibratiun, while one only 
3oz. lighter was not. 

The arcs ol’ vibration in (he iiniceding experinfents being 
smaller than is di'sirable in practice, I juoceeded to exjieri- 
ment with heavier weights, thepcndnluni being still snsjiended 
by the parallel silk tlireads, noting in each case tin- are of 
vibration and the rate of the clock, viz., its gain or Utss in 
24 hours. 

In the following cxpcrigicnts each succeeding pair is to be 
considered as giving the rosnlts for two consecutive days, 
though more than one djty occasionally claitsed betw'cen the 
times at which the seds were taken. 
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Vibration of pendulunts. 


Weight. 

Arc of Vibration. 

Rate. 

14 

floz. 

2° 

3, 

/- 

.0 

8 

0 

. 1 

80 

+ o' 

.7 

I4lb. 

6 

2" 

3 

— 10 

.0 

8 

0 

1 

30 

0 

.0 

11 

2 1 

1 

•15 

— 7 

.0 

8 

0 

1 

30 

+ 1 

.0 

19 

0 . . 

2 

15 

— 13 

.0 


It hence appears, that when a pendulum is suspended by a 
flexible strin}^, a heavier Aveif^ht and a consecpicnt greater are 
of A'ibration, causes th»? eh>ck to lose. 

The Jollowing are the. dimensions of the springs which were 
experimented Avith : — 



Number. 

lircadth. 

Thickness.. 



1 

'350 iiieli 

*001 inch. 

9 


2 

•390 

*002 



3 

•3.');> 

•003 



4 

•395 

•001 



5 

•400 

*03o 


The 

pendulum being suspende<l by 

the weakest string 

No 

1, the 

times were noted as Ix'fore, in 

whieji the ar<*s of 

vibra- 

tion AAT 

n* rt'dueed 

from 2 ' to 1 and 

from 1 ' (.*> ^ no 

main- 

taining 

power Ixdng a]»{»li(‘d. 




Arc riuluced from *2 ' to 1"" 

in 111. 58in, 



Do. 

do. 

1 57 



Do. 

I to k 

'2 H 



Do. 

«lo. i 

2 10 


AVith the same sVi»g» maint;i 

Lining power ol* 111 

1 ). loz, 

and :21l 

), 2oz., the 

following arcs of \ 

ibralion and rab*. 

of tin 

rlock r 

(.‘suited fi^)m 

two consecutive d 

ays, the eireclive 

length 

of the ^ 

spring being 

*92 inches. 

• 


Weight. 

Arc. 

Hate. • 



4lh. loz 

2^ 3' 

- 9s. 6 



2 2 

1 3(^ 

- 6 1 



The pendulum being suspended w-ith spring Nt». 2, and 
clii)ped at '92 inch, tvithout maintaining ])OAver, tb.e arcs of 
vibration were reducijd as folloAvs : — 


b’rom 2' to I’ in 2h. 2()ni. Os. 

Uo. 2 — 1 — 2 20 44 

J)o. 1—^—2 20 0 

Do. 1 — i — 2* 20 0 

Applying 41b. loz. and 21b. 2oz. in 8ucce.s.sion, as a main- 
taining poAver, 1 found as luider : — 
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Weight. Arc of Tibration. Rate. 

41b. lo\ 2'’ 9' -Os. -2 

2 ' 2 1 36 , +2 -5 

With .spring No. 3, and effective length ‘92 inch, the follow- 
ing results were obUiined on two consecutive days : — 

• Weijflit. Arc. Rate. 

41b. )o-£. 2> 15' — 2,s. -5 

2 2 1 39 —2 -8 

Reducing the. effective? length ol the sjjring to '8 inch, the 
following results were ohtaineid on consecutive days: — 

Weight. Arc. Rate. 

41b. loz. 2- fK Os. -0 1 

2 2 1 30 0 Of 

4 1 2 9 —0-5) 

‘2 -2 I 30 r-0 -e’- 

4 1 2 9 —0 

Meiico, with either of tliese lengths of this spring, the rate 
does not apjiear to be percepiihly influenced by tlie extent of 
the arcs of vibration. In I'acl, the vibrations of the penduhun 
may, for all practical jmiposi-s, be considered as isochronous. 

The. odiu'tive length of the .sjuing was then increased to ’92 
inch, and the following re.sulls were noted, without niaintivining 
power : — 


.\rc 

iv'luced from '2^ to 1- 

in -Jli. 

2Cin. Os, 

Do. 

do. 

2 1 

•> 

25 45 

Do. 

do. 

1 i 

•f 

37 

0 

Do. 

do. 

1 ft 

*2 

3(5 

40 


On three other occasions, with the s:nne spring, and 
ellectivc length ’92 inch, the following comparative results 
were ohtaiueil: — 

•Wfiglit. Arp. Kate 

411). loz. 2 15' — 4.S. -0? 

2 2 1 39 — 4* -2 ^ 

4 1 2 15 —5 -Ql 

2 2 I 39 —5 -2^ 

4 1 2 15 —5 •()/ 

4 1 2 15 _5 05 

Shewing that oven with different lengths of this spring, 
the vihration may he considered as isoehronoits, with eonsider- 
ahly different arcs of vihration ; and also that with this spring, 
a gTcatiw arc of vihration is produced with the same mainUiin- 
ing power, than with any other spring that has been tried. 

Spring No. 4 was next applied without mainlainiug power. 
VoL. IV.-No. 22, Marrh, 1810. C r 
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WiHi it the arc of nbration was from 


2° 

to 

p 

in Ih. 

47m'. 

do. 

< 


1 

48 

do. 



1 

50 


to 


1 

54 

do. 


1 

55 

do. 



1 

58 

do. 



2 

0 


Applying inamtiiining jiiowcr of 4lb. loz. and 211). 2oz. res- 
pectively, with ’97 Inch effective length the following results 
were noted ; — 

Weight. Arc. Rate. 

411). loz. 2' (/ — *28. '2 

9 9 I 30 -2 

Even wth this cfpjiparati vclv stifl' spring, the aic of vihratioii 
is greater with a inaintiiining power of 411).. loz. than it was 
with 141b. fioz., when the penduhnn was suspended by two 
parallel silk threads. But the rate appears to vaiy )Uore witli 
the arc of vibration, than it did when No. 3 was used. 

Beducing the length of this sjning to ‘()6 inch, the following 
re.sults were obhiinecl : — 

Weight. Arc. Rate. 

411). loz. 2" 3' —14s. i 

2 2 1 27 —11 -5 

Sliding up the; ist'chronal piece still further, till the length 
of the eliectivc part of the spring was reduced to '50 iuch,tlio 
following W'ere the results : — 

Weight. ' Arc. Rate. 

41b. loz. 2' 3' — 18s. -0 

2 2^ 1 12 —14 5 

This further shortening of the spring appears to har’O had a 
perceptible efliiet on the arc of vibration, when the lighter 
weight was a]i})licd. 

I lastly attached the .strongc.st spring. No. .5, and with 
effective length I’O inch. 

Weight. Bate. 

41b. 13oz. —15s. 

2 10 — 13 

Reducing the length of tlus .spring to '8, the following 
results were obtained ; 

Weight. 

6)b. 3oz; 

2 10 


Rate. 
14.S. fi 
12 •] 



371 


By J. W. Ftodahamy 22 . S, 

BlicUng up tluj isoclironal piece 8till further, till the length 
of tlie cfR'Cbive pcftrt of the sjniiig was reduced to *50 inch the 
following were the resiiUs : • 

Weiglit. Rate. 

4\\k 13oz. — lt>s. *0 

2 10 —8 

The lighter weight, 2lb. 2oz. employed on experimenting 
with the. ^Yealier springs, w^as luund insuiFicieut to keep the 
3 )enduluiii in vibration with Xo.*5; •2\h, lOoz. was found 
adcHpiatC to the |)Urpose, and it was there lore employed. 

In ox]jorimenting with this s]>ring, the arcs of vibration wore 
jiot not(Hl, as i ibuiid tliat botli it and No. 4 wen^ too strong 
for the weight of tlni bt>l) I was using, and to which the ex})ori- 
nnmts indicate that N(.*. 8 was excellently adajiled. 

Tlic arcof vibration with tlie sjning, No.;l, (viz. *2= I'/) using 
a weight of lib. loz. r(‘(piir«al lOll), weiglit to jirodnce it when 
the pendulum was susjieudtid by the silken threads. 

It ap])cars then, Irom tlie preecMlingexjierimenls on suspend- 
ing sjuings dili'ering in haigth and strength, tluit there is one 
wiiich, witli a given maiulainiug jiovver, ])roduces a gr(*.ater arc 
of viliratiou than othm's, and giv (‘s the same arc of vibration with 
a. smaller mailitaining power; ami, furtlier, that witli this same 
spring t#ve vibrations may, in [mint of time, be all considered as 
isochronous, whether the. arcs are large i>r small. And with 
the, aid of the Uovknnuil ])iece, a spring of the ])ro]>er length 
and thickness may easily be seh*et(*d in a very lew trials. 

It may be iioiiei’d too, that unless this ]ienduhnu is lirst 
isnehronized by some such method as that which has been 
pointed out, anomalies may be. imputed V^fimprr/rct vompen- 
mUoH, which have llieir origin in a very diii’erent sourct*. 

In line, itinaybe stated in (•oneiasu)n,that*if the peiidnlunis 
of astroiumiieal clocks w'mv liirnished with what I have called 
an isocnroual ])iece, any ])erson ])ossi*ssing a lew springs of 
diiferent degrees of strength, may wiili very ]i<lh‘ diiliculty 
detenuiiie what spring is liest adajUed to tlie weight of the 
]}enduluni, and also wliat pan of the spring may bo most 
advantagvioiisly employed in action ; and i siiall nut iliiiik tliat 
the atleiitioii winch I have given to this subject has been mis- 
spent, if any thing that I have done may conlrilnite to the 
advancciiicnt of an art to which 1 have been professionally 
devoted during the whole of my life. 

London, March, 1839. * 



372 


The effects af lightning. 


/ 

LII. Effects of Eiglitning upon the packet ship^New York ; 

by Mr. Charles RfcH, at the request of the l^ditors,* 

ITroN my first visit to Liverpool in May, 1827, the vessel in 
which I arrived was iiioore<l in Prince’s dock along side the 
packet ship New York, Capt. Bennett. This ship 1 repeatedly 
visited, and indeed was obliged to cross her deck to reach the 
wharf. Having been inlbrmed that she had been injured by 
lightning dui-ing her passage, I examined her several times, and 
the following are the main facts that T remember. 

The shij) sailed from New York in April, and on the third 
day out, being the lOtli, while in the Gull Stream, in lat. 38^' D' 
N. and loi). 17' W., M^as struck by lightning at about day- 
light in the morning. Tlie j)asseng4Ms being still in tlicir 
beilhs, wert^ rouseij by a heavy rejiort like that of a cannon 
close to their ears, and the cabin %vas Hik'd with a dense smoke 
smelling like suljihur. It had been broad daylight, but was 
now almost dark as night, llain fell in torrents — hail covered 
the deck; the lightning and thunder were almost simultaneous; 
the sea ran very high, and the water being at 7 F. and tlu5 
air at 48o, the co})ious evaporation produced pillars of con- 
densed vapour reaching to the clouds. The scene was one of 
tenific sublimit}'. Some parts of the ship and spars WKncj for a 
moment on fire, but were quickly extinguished by the rain. 

The fluid first struck her main royal mast, burst asunder 
three stout iron hoops with which it was bound, and shattered 
the mast head and cap. It passed down the mainmast, one 
branch entered a store-room and demolished the bulk heads 
and fittings ; tlien^' it wi*nt into the cabin, and conducted by a 
lead pil>e passed out through the shijfs side lietweeii wind tuid 
water, starting tin? ends ol‘ three five inch phuiks. Duiiiig its 
progress it burst (qien the harness casks, shivereTl to meces the 
large looking glass in thu ladies’ cabin, and being inducted 
by the quick^^ilver on the back, it Iclt tlie frame uninjured ; it 
overtmiied the j^iano forte, sjditinto several pieces the dining 
table, and* by its influence so highly magnetized the chrono- 
meter as to rcmh'r it during that passage not trust-worthy. 
Most of the Avatches which Avero under the gentlemen’s })illows 
were so highly luagiu'tized as to stop them, and render it 
necessary to remove all the steel work. The gentlemen them- 
selves Avere, Avithout exception uninjured, owing doubtless to 


♦ With additional facts selected by the editors from the full account pub- 
lished in Liverpool, May 12, IS27, and quoted in the New York Spectator, 
June 20, 1827 — SiUimnn*b Journal 
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the non-conducting properties of the beds upon which they 
were sleepii^. the time the ship was stnick, the liglitning 
conductor had not been ]>ut up ; but it was immediately after 
the accident raised to the main -royal -mast head. 

Tlic conductor consisted of an iron-chain with links one 
fourth ^of an inch thick and two feet long, turned into hooks 
at each end ; at the to]i it ended in an iron rod half an inch thick 
and lour feet long, having a polished point and rising two feet 
above the mast lic'.ad ; the chaiii^^ descended down over the 
4piarter, and being [luslied out Irom the sbi]»’s sid(^ about ten 
feet by an oar, descended a few leet below tlii3 surface of the 
water. 

Nicar tw’o f>'cl«ick, 1^. M. it was ol)scrv<Ml that only four 
seconds intervcjied betwcicii the liglitning and the thunder. 
At two o’clock tluu*e was a simultaneous ilasli and a sliock like 
that in the morning ; })assengers in tli(‘- caH[»in saw tlic3 a])pear- 
aiic('. of a hall of tin* <lai*ting Indore tlnnii while the glass in 
thc3 round housi^ <-aim' rattling <lowii. To those on deck the 
ship appeared to he in a blazt', so vi\ id was the Hash which 
they saw distinctly darting down the ccmdiictor and agitating 
the water. All parts ol* the shi]> as betbre wi‘re tilled with 
smoke smelling of subphnr. Although the conductor was of 
the .siz(; which Dr. la'anklin thought snflicient to sustain the 
severest shock of lightning without injury, yc't it was literally 
tom to piec<3s and scatt(U’ed to the winds, while it saved the 
ship. The pointed rod at the top of the conductor btung 
fused, was shortened several inches and c*oven*<l over with a 
dark coating ; some of the links of the chain had been snapped 
4)fr and f)t]iers melted.-^ ^ 

The shock allectod the polarity of all tlie compasses on 
board, causing them to vary from tin* tnie point and to range 
l)etwecii eai!li, other, but they gradually ndumed within three 
pennts truth. I'lie chronoim*ter of Ca])laiii Benni^tt, the 
commander of the shiy> whicli di<l not usually vary more than 
three seconds in crossing the Atlantic, was noiV^ (piite out of 
tim(3 ; it had gained for a considerable j>eriod seven-teiitlis of 
a second (in hours,) and being thii. 4t2s. slow of Clreeii- 
wich time when th«3 Vi*ssi'l left New York, was found at 
.fiiverj)ool to be •J4ni. :33s. Jasl of Gri*enwich, making a 
difference of :34m. 15.s. 

Three gold lever watches belonging to gentlemen passengers 
became so magnetized as to require that the jjrinciple ])art of 


* Tt is said that the same thing; once happened in a Dutch church in 
New York ; a chain connected with the clock was melted and probably 
cared the church. 
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the steel work should he removed. These p^rls had bccorne 
true loadstones acting as magnets. It is in onv tfecollectioxii 
also that in other acconnts published at the time it v. as statiid 
that the knives and forks and other artich^s of st(*el and iron 
became magnetized. Hai)pily no person was ki]h?d, althougli 
several were knocked down and more or less injuri^d. , 

JRimiarks , — In constcjuencc of receiving the notice.'^ com- 
muilicated by Mr. lUch, wc have been iTuluced to repnblisll 
the principal facts in tlu^ case of the packet ship New \or]\, 
although the events happened twelve years ago. The case 
was so remarkable, that the rosnlls ought to be presi rA ed as 
part of the pimnanent records of science. 

No case could more dwisively prove tlie importance of con- 
ductors. Had the ship been hirnisl)c<l with the iron chain and 
rod at the moment of the first stroke it is almost certain that 
she would have escaped with little or no injury. Had the top- 
mast w’hich was tluui shivered (its stout inm bands two f>r three 
inches broad and half an inch thick being burst asunder) 
been protected, there can no doubt that the liglitning 
Avould have shot dowm the coiidu(‘tor, savcul mast, ami. 
j)assed harmlessly into the sea. Tliiswas <h‘cisive]y iwoved in 
the second case, when tin* *shii> was again struck at two 
o’clock, P.M. 

Her iron chain was th(»n u]>, and the ])(>inted iron rod. 
ascended tw^) feet above tlw^ highest lo])niiist. Slie a})p(jars to 
have been enveloped in a condensed eh'cltieal atmos})b.erc 
the clouds being so low that the flash and cxph.'sion were 
simultaneous ; and had there been no coiiduetcn-, the vseeoiul 
stroke, wdiicli a])pears to have been ini>vo po\uw!ui than the 
first, iiiiglit have prOVe<l fatal to many of thos<‘ on bo;;rd. The 
discliarge which the conductor received seems to ha ve bomi 
than it was able to convey aw ay ; himce some of the people 
were prostrated altliough not kilh'd ; they were idcHtly 
aflected nicchanitrally by the explosion, and electrically by tlu' 
all-pei’vadiiig tdectrical atmospbere around, but not being made 
part of the chain of discharge they escaped with little harm. 
The conductor was melted at the top and glazc^l, doubtless 
with vitrified oxide, and the chain exploded in fragments all 
about the ship. This proves that tlie condu<*.tor, although it 
preserved the ship, w as not perfect in construction or sufficient 
in size. 

Hooks and chains are objectionable because the continuity 
of communication is iuteiTuptcd by the intervening films of 


Of which a short account was published in this Journal, Vol. x%iy p. 3^1. 
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air* It were much better to adopt the rope made of twisted 
copper mri% It \niglit bo made of any desired size, and 
having perlect continuity, thcTC would* be no interruption to 
the passage of tlie el(‘ctricity. Being perfectly flexible, it 
might easily be coihul an<l stowed away like any of the rig- 
ging, ajid it would adapt itself to any flexion of the spars and 
masts. * It should be terminated above by a solid pointed con- 
ductor of copper or iron. Such a protection as this we can 
hardly doubt would prove sufficient, although in the case of 

very long ships it might be proper \o have more than one con- 
ductor. In steam ships there is aii additional protection de- 
rived from their vast intitidlic apparatus which by its com- 
niiuiicatioii witli the water affords the best possible channel of 
dischavge. 

It is true that some years ago an explosion occurred in 
Charleston harbour, in the boiler of t)#o Savannah steam 
packet, from her being struck by lightning; caused possibly 
by the sudden expansion of the steam already generated, or 
the sudden generation of more steam by the intense heat. In 
c‘nn^'ersation with the late Mr. Samuel Howard in whose 
charge the boat was at the time, he distinctly attributed the 
explosion to the lightning.* 

Xu the case of steam ships it may therefore be prudent to 
pass the c'onductor directly into the water and not to the 
boilers or other luetallic ap}>aratus ; although we should hardly 
expect any mischief, especially in the Atlantic steamers^ 
whose amount of conducting surface is so prodigious. Every 
thing however goes to prove that all ships, especially ships 
for passengers where the risk of life be great, should 

be provided with the best metallic conductors. 

Another fact which is remarkable in the ease of the packet 
ship New York, is the energetic magnetism that attended the 
lightning ; chronometers, common w'^atches, and compass- 
needles being all (by the lightning) rendered erratic and dan- 
gerous guides, no longer to be relied on. Wc* conceive that 
good conductors would probably prevent or greatly mitigate 
even these effects ; but as it may not be possible entirely to 
shun the effects of electricity, and as it is of the utmost impor- 
tance that the compass-needle should always bo correct, we 
venture to suggest a remedy. 

Let every ship be provided with a small calorimotor and the 
appendages of helix-wires, acids, &c. With this apparatus 
the needles could be instantly restored or new ones (unmag- 


' Ho was a gentleman of uncommon intelligence and good judgment — Sem. En. 
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netizcd and carried for the purpose) may be maraetized with 
certainty and with all requisite energy and di{^atc%i^' Practical 
directions can easily be given if desired. 

New Haven, September 9, 1839.— Eds, 


lilll. On a remarkahle property of Electrical Tension By 
Christian I^oppler, lh*ofesgor of Mathematics at the 
Polytechnic Institute of Prague. From the Zeitschrift fur 
Physik, &c., VoL Fart 342. Vienna, 1837. 

Marked and decided as has of late been, thanks to the 
researches of the first philosophers of the day, our progress in 
all the branches of electrical science, and active as their 
endeavors have been to add further facts to those we are already 
in possession of with respect to the reciprocal action of electric 
currents on each other or upon magnets, or, inversely, the 
influence of the latter on electrical currents, yet, we are never- 
theless, forced to confess, that the insight which wo have 
gained into the essential nature of this mysterious fluid, has 
by no means kept pace with our progress in other respects. 

And however remote our hope may be of seeing this por- 
tion of natural science worked out in the satisfactory manner 
that others have been, yet we cannot but assent to the impor- 
tance, and indeed the ultimate necessity, of entering upon the 
enquiry : and consequently, every eflbrt w'c make and every 
fact we can adduce, tending, even indirectly, to further the 
investigation, is worthy of attention. 

Bearing this in nnnd, I do not hesitate to make known the 
results of an experiment, which, shmdd its truth be borne out 
by subsequent observers, may possibly lead to inferences of 
some importance. 

Some years ago, on the occasion of my publishing an 
essay upon the kindred subject of the probable dLuscs of 
electrical excitation, I was led to the conclusion, that 
wherever there is a case of electrical tension there must 
of necessity occur a change "in the shape of the electrified 
body ; and therefore, that on submitting a metal rod to such 
tension it must necessarily contract. To test the truth of 
this inference, the following experimentsf were instituted 
alternately. A brass tube of about three feet long, and like- 


• See Jahrbucher des k. k- polytcch ; Institutes zu Wien. vol. 17. 

f They were performed at the Folytech : Institute at Vienna, about five 
years a^o, with the aid of the Comx>arator, an instrument admirably calculated 
for 8ucn delicate measurements. 
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wise a solid bar of similar length, but not near so thick as the 
former, wa» laid \ipon insulating supports between the two 
feelers of a very sensitive arrangement* of levers of contact, 
being however kept out of contact with them, by the inser- 
tion of strips of glass of suitable thickness. 

Now, immediately on receiving even a moderate charge of 
electri<5ty, the index of the lever of contact began to move 
perceptibly, and to indicate that a gradual contraction of the 
bar was taking place, and this motion augmented so rapidly 
as the tension increased that, in ’order to enable the eye to 
follow the range of the index with greater facility, it became 
necessary to substitute a simple lever of contact, for the com- 
pound one which was at first employed. Kvery time the elec- 
tric spark was drawn from the bar, or ever)' time that it 
spontaneously discharged itself, the instantaneous recoil of 
the index of the lever, indicated the restoration of the original 
length of the metal ; from which, however, there was again 
a transition to contraction, immediately the state of tension 
was renewiid. 

These experiments were repeated several times, and always 
with the same results, with however this difference, namely, 
that the contraction when the tube was employed was, pro- 
bably on account of its greater extent of surface, much more 
marked than when the bar was used, 'fhese results arc the 
more surprising, inasmuch as on account of the gradual in- 
crease of temperature, (for in these preliminary experiments, 
a single pair of galvanic elements was also used,) we should 
rather have looked for an expansion of the metal. 

Now, though at the time of performing those experiments, I 
had reason to rest satisfied with having coifipletely established 
what I had in view ; yet, I now feel convinced from having 
subsequently . thought the subject over, that* the results then 
obtained^ bear out (tertain inferem’.es not perhaps altogether 
unimportant respecting the constitution and actual nature of 
the electric fluid. Nothing but the idea hon’«ver, that this 
problematic pheiunnenon may be looked on by otlicr experi- 
menters as of sufliedent importance, to have its existence 
completely established or disproved, by a repetition of my 
experiment, could induce me to lay it thus before the public, 
in a state so imperfect in many respects. And though for 
the present, that is to say, till it is established as an indis- 
putable fact, I very properly refrain from expressing an 
opinion on the subject ’yet 1 trust 1 may be permitted to 
subjoin a remark or two, and to allude, in passing, to an appli- 
cation of which, this new property of electrical tension is 
perhaps susceptible. 
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Simply putting this property of electrical tension beyond a 
doubt by careful and accurate experiments, VouhV certainly — 
as far as it went, be a«3tcp in science ; but tlie subject would 
gain additional interest, if in the investigation regard, was at 
the same time, paid not only to the length, but also to the shape 
and other qualities of the conductor, semi-conductor, .pr non- 
conductor. For in point of fact, it is by no means improbable 
that a contraction which is considerable enough to be measured 
and expressed in numbers, will turn out to be ])ro])ortional to 
the length of bars of similaf form, but that its amount will vary 
with the different metals employed. And this result may be 
especially anticipated in the case of such metals as indicate 
opposite states of electricity, as tor instance, copper and zinc. 
It would, ill fine, be well to enquire whether the same identi- 
cal bar charged to an equal amount of tension, as indicated 
by the electrometer, first positively and then negatively, M'OUld 
indicate precisely the same amount of contraction. 

Now should this power of electrical tension to eontraci 
metal rods so considerably (a fact of which, as matters now 
now stand, I cannot entertain a doubt,) be really borne out 
by further cxpeiimcnts ; the idea of having recourse to it 
for the constriK^tioii of an electrometer on a new principle, 
suggests itself readily enough. Without entering into a 
discussion as to the liest arrangement fur such an instrument, 
I may be permitted to observe that probably any thin strip of 
rnetal, one of whose sides is covered with an elastic non-con- 
ductor ; as for instance, a coat of elastic varnish, would, on 
being coiled up into a conical spiral, iirobably answer the 
purpose very well. One of its ends would luve to carry an 
index, as is the case with a raetalic tliermomcter, or would be 
made to communicate its motion to a lever. 

The amount of contraction thus placed at oiij disposal and 
which, all things considered, is by no means inconsiderable, 
justifies the presuiniitioii that such an arrangement would 
furnish us w ifeJi a very sensitive electrometer. 

It wdll not perhaps be thought two much if in concluding 
this short communication, 1 express the hope that other 
observers will consider this phenomenon worthy of further 
notice and examination. 

JULIAN GUGGSWORTIL 

Wormwood ^^crubs, 18th April, 1839. 
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LIV. — On the ^indicating ^electricity of Compact Solid 
\ ' hisulaling Strata,^ 

The first phenomena that have 'been observed with 
regard to the vindicating electricity of compact insulating 
strata, were those, a notice of which w^as sent by the father 
Jesuits ^ut Pekin, to the academy of St. Petersburg, in the 
year 1755, and which may be read in the 7th volume of the 
new commentaries of this academy. Signor Symmer in his 
third Memorial, which was road in the Royal Society of 
London, the SOtli of December, 1759, says he charged two 
thin sheets of glass, joined together by their naked surfaces, 
and externally coated ; when the charge wns completed, he 
took the upper plate, by two of its angles, and when he 
raised it, ho saw^ that the under plate stiu k to it, and re- 
mained susptmdofl to it ; when he had discharged the plates, 
the adhesion ceased. He rettharged the two plates, then 
having inverted tlicm when thus united, he made the plate 
that conirnunicatod at first with the chain, communicate now 
with the grtnuid, and that whicli communicated with the 
ground, cornmunir*ate with the chain ; when he found that 
after the electrization had, in this state of things, been 
i*ontiimcd a certain time, all adhesion ceased. Using after- 
wards two plates coated on both their contiguous surfaces, he 
found that no adhesion took place. Signor Symmer makes 
use of these two experiments in order to confute the theory 
advanced by certain philosophers, of two electric fluids, the 
one affiaant^ the other i ffluent ; he pretends that each of the 
two distinct united glasses may be (*onsidered as the one of 
the surfaces of a single plate ; that one ot^ the glasses is im- 
})regnatcd with an electricity of one kind, and the otiior glass 
with an electric ity of another kind; he moreover is of opinion 
that the adhc/sion of the two naked plates of glass is a de- 
inonstraJt’^ig proof of the existence of two antagonist forces. 

Signor (vigna, in the fourth clmpter of his dissertation, 
carried still farther fhc cx|>erimcnt of the fatlufrs of Pekin, 
and of Signor Symmer. He relates that two naked glasses, 
by rubbing the upi)er surface of them, remained united, both 
to each other, ancl to the gilt paper, or the sheet of lead, on 
which they were placed ; that in this state they gave no sign 
of electric'ity ; that if they were then separated from the 
paper, or the lead, they manifested on their two external 
surfaces the same kinds of electricity ; that if the paper or 
lead was again joined to iRc glasses, the electric signs again 
ceased ; that if the paper, or lead, was kept parted from the 
glasses by means of a silk ribbon, the paper or lead manifested 
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an electricity contrary to that of the glasses ; that if the 
glasses were likewise kept separated from each^'othcr, they 
also manifest eontrary*elcc tricities. 

I do not propose to repeat all the numerous experi- 
ments which I related in my book iutitled, Observationes 
atque experimenta quibm electricitas vindex lalv. confditiiitor 
et explicatur. I am actually employed in promoting my 
enquiries on this subject, and if I meet with some success, 
I propose to publish what discovcri(;s I shall be able to make. 
Mean while I shall only repeat in this place, the experiment 
which is made with the two plates, A B, a 6, M N, m 
(PI. IX. fig. 1.) jointly charged, and I shall express the 
successive effects of the vindicating electricity in this experi- 
ment with the figure 2. 

And first, in order to perceive the unity which really 
takes place in all tivd phacnomena of the vindicating electricity, 
however (*ontrary to each other some of them may a[)pear, it 
must be observed, I. That the law of the vindicating elec- 
tricity of compact insulating strata, for instance, plates of 
crystal, is the same with the law of the vindicating electricity 
of rare insulating bodies, for instance, silk ribbons.* II. That 
the whole specific difterence between them lies in the former 
being capable of a charge, which the latter are not. III. 
Thence it results that the alterations of electricities, which 
are readily affected with bodies of a rare texture, by disjoining 
and rejoining them, and not so with compact insulating strata ; 
such alterations are confined to those surfaces of the latter 
which arc kept joined together by the contrary electricities 
of the other two surfaces, which constantly endeavour to 
preserve their contrariety to each other^ and their equality 
with the electricity of the surfaces which are united together. 

For instance^ I. Two ribbons contrarily electrified, when 
they unite together, reciprocally destroy their elevt^^'icities, 
and thus remain adherent. After the same manner, if two plates 
A B a by M 'N muy arc joined by their respective surfaces, 
a by M N: contrarily electrified (I suppose the surface A B 
to be positively electrified, and the opposite a by negatively ; 
therefore M N is positively elecitrifiod, m w, negatively) 
these two contrary electricities will endeavour to destroy each 
other ; the redundant fire in M N will endeavour to diffuse 
itself into a by and fill up its deficiency ; but this reciprocal 
suppression of electricities cannot be effected otherwise than 
by a joint annihilation of the excess in A B, and of the 
deficiency in ni n ; therefore, in consequence of the impene- 
trablility of the plates, some external communication becomes 
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necessary ; and this will no sooner be procured, than the 
excess of N wNl diffuse itself into a when the electricity 
of the two surfaces « 6, M N, will be annihilated after the 
same manner as the electricities of the two ribbons were 
before- 

Again, the two ribbons, when they are separating, freely 
recovef their electricity, which they had readily lost jvhen they 
joined ; and in the same manner, the two platCKS M N m w, 
A B a bj in the instant they arc separating, endeavor to 
recover on their surfac.es a 5, M N, the electricity they have 
lost in conse(]iien(*e of their union together, and of the com- 
munication of their external surfaces. Yet it is to be 
observed that tlie surface M N, in its endeavor to recover 
its excess, is restrained by tlie difficulty wliicdi the insulated 
opposed surface m n, experiences in dismissing an adequate 
part of its own fire; and the surfii(*e a h liki:iwise, in its endea- 
vour to recover its deficiency, is restrained by the difficulty 
which the opposite surface A B experiences in recovering an 
adeciuate excess ; wheiu e it happens that the two disjoined 
plates, — I. Manifest electricities reciprocally contrary ; II. 
Similar electricities take place over the two opposite surfaces 
of the same plate ; III. And this electricity is of the same 

kind as that recovered by the disjoined surface. 

Tlie reason is, that in disjoining the two surfaces, a h M N, 
I. The the surface M N, .by endeavouring to recover its 
former excess, endeavors at the same time to drive away a 
quantity of natural fire from the opposed surface m n. Now, 
as the latter remains insulated, it cannot transfuse any fire 
into the ground, neither can it accumulate any within its coat- 
ing c d ; it therefore must accumulate it oit the open surface 
of this coating, against the contiguous air : so that there will 
result an excessive tension in the natural fir® of the ambient 
air, and redundant atmosphere around ?n n, I L Likewise, 
in the'^act of the same separation, the surface a b, in endea- 
vouring to resume its former dcfficiency, drawsf according to 
the Frauklinian theory, certain quantity of redundant lire, 
to the opposite surface A B : now, as tins surface remains 
insulated, it cannot derive this fire from the ground, neither 
can it draw it from the internal substance of its own coating ; 
it must then draw it from the outer surface of this (coating, 
that is, from the surface of the contiguous air (if before se- 
parating the plates, the coatings arc taken off, the experiment 
will equally succeed). Therefore, a particular relaxation 
will arise in the natural fire •of the air around the plate A B ; 
there will result a deficient atmosphere. 

Tliis explanation how the atmospheres arise, which take 
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place over the surfaces opposite to those which are disjoining, 
likewise suffices to explain the singular cireumstairce of similar 
electricities arising over opposite surfaces of the same plates. 
If while the two plates A B a 6, M N m are separating, two 
sharp points are kept presented to their external surfaces, the 
brush appears on the point directed to A 11, and the star on 
the other, which is directed to m n : the same force" which, 
when the points are presenting, draws a brush to A B, and 
drives the fire that forms another brush from m W, this same 
cause I say, when these tWo surfaces remain insulated, draws 
to A B the natural fire of the contiguous air, creating a 
deficient atmosphere over it, and throws excessive fire from 
n into the air contiguous to it, raising iii it a redundan:; 
atmosphere. 

That afterwards, over the external surfaces correspondent 
to a b, M N, when .they are separating, atrnos])Iicrcs arise that 
are homologous to the electricit} which tliesc surfaces recover, 
is what appears natural, when \\c consider, ihat the lafler 
surfaces resume^ by virtue of their separation^ greater 
eleciriciiits than those which can possibly be raised on the 
opposite surfaces, which are insulated. This principle being 
admitted, it follows that if the surface M N, cannot drive 
from the opposite surface ww, a (piautity of lire sufficient to 
produce in it a delitneucy Oipial to the excess recovered by the 
same M N, it follows, I say, that a portion of this excess 
must flow outward, against the contiguous air, and there pro- 
duce a a redundant atmosphere. Likewise, if the Surface 
A B cannot draw to itself a (quantity of fixe sufficient to produce 
in it an excess equal to the deficiency recovered by a ft, it 
follows that this A*B must, from the air contiguous to it, draw 
a certain quantity of fire, and thus produce a deficient atmos- 
phere over itselft That is to say, the excess redundant in, 
and flowing of, N M, against the air contiguous to it, ipso facto 
lessens the excess in this M N, and thus brings it ?o a state 
of less inequality with respect to the deficiency actuated in 
m n ; and the fire which from the contiguous air flow^s into 
A 13, ipso facto lessens the deficiency in it, and tlius brings 
it to a state of less uncquality with regard to the excess hi a ft. 

llicse explanations of the vindicating electricities of tw'o 
plates, may be demonstrated by the experiment in wliicb, 
after jointly charging and discharging them, 1 continue for an 
hour and more to obtain sparks by toiicliing them when separ- 
ated, and again touching them when»rejoined; and reciprocally, 
the above explanations throw a dbmplete light on that same 
experiment, which I never could repeat without exciting the 
wonder of those who were unacquainted with electrical 
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operations, and attracting the attention of the Philosophers 
who came %to my experiments. I join the two plates 
A B a 6, M N >» » togetlxer, by their naked surfaces in 
contact with each other ; and then introduce into the coating 
C 1), for instance, the electricity of the chain ; the charge 
completed, 1 discharge them ; this done, I separate them, and 
toucn me coatings; Ijoin them again, and then again touch 
them ; and thus doing, 1 continue to excite a very long series 
of sparks ; hei'e follows the manner after which 1 operate. 

I begin with exciting sjxarks frofn the coating alone of the 
upper plate ; that is to say — I. 1 continually touch with one 
of my lingers the under coating c d. II. When I separate 
the plate A B, 1 take care not to toucli its coating C D. 
III. Having seixaraled this plate, 1 immediately touch it, and 
give a spark to it ; that is to say, I give to A B an excess 
adexjuatc to the deficiency contracted hy at tljc instant of 
the separation. 1 \\ I cease Louchiiig A B; I rejoin the two 
plates, and to(Jch again C 1 ), and di aw sjxarks iVom it ; hy 
means of which I draw off tlio excess 1 conmmiiicated to 
A B after the last separation, and which it <ioes no longer 
require, when in a state of conjnncLion. V. l>rocccdiiig thus, 
with the usual caution, not to touch the coatings in the act of 
separating, or of v<>joiuing the plates, I con dime to givq sparks 
after every separation, and take them back after rejoining the 
plates. 

In general the sjiark wliich 1 ilraw after rejoining the plates, 
is move divided tliau that which 1 gave after separating them. 
In very favourable weatlier, after sejiarating the plates, I 
often draw two or more successive spjirks ; hut after re- 
joining them, tlie fire that leaps from my finger is completely 
united into one spark, and much more vivid. 

In order to understand the reason of this? difference, we 
must eongider— 1. 'I'liat the fire wliicli flies from a 6, in coii- 
sequeuc'^ of the deficiency which now takes place in it, goes 
to M N in order to form the excess which this'M N wants; 
therefore as an excess arises in A B, in consequence of my 
touching it at times, so a dcficieiK^y arises in m n, in conse- 
quence of its constant communication with my hand. II. 
When 1 rejoin the two plates, the excess I have introduced 
into A B cannot he annihilated hut so far as the excess in 
M N runs to fill the deficiency in a b ; and the excess in M N 
docs not depart, but when I give fire to m «, in order to fill 
its deficiency. III. In fact, if, while I rejoin the plates, I 
keep my fingers at a distanefi from n (or its coating c d) 
then I cannot draw from A B the excess 1 introduced into it ; 
because as 1 do not then fill the deficiency in m n, the excess 
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cannot be annihilated in M N, nor the deficiency in a 6 sup- 
plied. IV. However^ when I touch m rt (or e*d) while I 
I rejoin the plates, the excess of A B is not for all that thrown 
out at once, because the surfaces a i M N, do not instanta- 
neously touch each other in all their parts ; hence a slowness 
and successiveness take place in all the respective annihilations 
of the excess in M N, of the deficiency in a 6, and of the 
excess in A B. V. But when after separating the plates I 
present my finger to C D, or ( A B) the excess is at once 
thrown to it from my fingdr, owing to the violence which the 
whole A B then wants an excess adequate to the deficiency 
then completely formed in a b. 

Conformably to what has been said above, we must take 
care that every time that the plates are joined, they be 
pressed together for some few seconds of time, in order that 
the small charges which have been formed by the separation, 
may have time both to dissipate entirely, and to arise again 
with more strength, when the separation will be again effected. 

1. If after touching the plates when rejoined, they are 
again disjoined without drawing a spark, and then rejoined no 
spark will be throw n from A 11, because it has in such ease, 
received no fire. 11. If after touching the plates when sepa- 
rated, they are rejoined, then disjoined again, without pre- 
viously drawing a spark, A B then receives no spark, because 
it has given none at the time of its last joining with the other 
plate ; so true it is that insulatbig bodies conlrarily electri- 
are disposed, when they join together muhmlly to anni^ 
hilaie their reciprocal electricities, as ;wdl as to recover them 
again, vdien they are separated. 

I have hitherto*, in the experiment of the two plates, only 
examined that kind of electricity whicli is common both to 
compact insulaCing bodies, and to those of a rarer texture ; I 
mean that kind of electricity, by virtue of which they recover, 
when separated, the eleciricity which they had lost by their 
being joined^ together, and which I call positive vindicating 
electricity. Now, I shall in the same experiment, examine 
that kind of vindicating electricity which is proper to compact 
insulating bodies, and by virtue of which, when they are 
separating from one another, they give up the electricity 
with which they had been impregnated ; this I call negative 
vindicating eleciricity. 

Having therefore jointly charged the two plates A B a 1, 
M N m n, I begin the operation of successively disjoining and 
rejoining them : in order to effifct this more easily, I clip one 
of the angles of one of the plates; and then I observe, I. 
That the plates, when they arc disjoining, manifest signs of a 
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negative vindicating electricity. II. They afterwards reach 
to the last limits this electricity. III. Then successively 
follow, for a very long space of time, t» give signs of a posi- 
tive vindicating electricity. 'J'hat is to say, I. At first, the 
surfaces a 6, M N, when they are separating, lose a part of 
the electricity with which they are impregnated. II. Then 
they reach a certain term at which they do not, notwithstand- 
ing they are again separated, lose any more of the electricity 
which remains in them, nor recover any portion of that which 
they gave up when tho negative vihdicating electricity began 
to act, or even afterwards when the positive vindicating elec 
tric.ity began to take pl.ace. 

Ill the meanwhile, the similarity of the atmospheres that 
take place over the two surfaces of the same plate, both when 
the positive vindicating electricity, and the negative one ob- 
tain, though ii has been looked upon as ^atal to the F rank- 
iinian theory, really proceeds from the following priinaplc, 
which is the* foundation of this theory, which is, that the con- 
trary elcctricilies of plates, which by virtue of the separation 
of ike latter, are become unequal on each opposite surface, 
severally endeavour to return to a state of equality ; that is to 
say, that electricity on the one of the two surfaces, which 
the separation has caused to have grou'n less, endeavours to 
lessen the electricity on -the other surface ; and vice versa, 
that electricity which, in consequence of the separation, is 
become superior to its opposite one, tends to increase the latter. 

Therefore, when I at first begin to separate the two plates 
A B a 6, M N m n, the excess of jVt and the tleficiency of 
a b endeavour mutually to lessen each other ; hut the other 
two EurfatHis A b, m n, being insulated, theif respective excess 
and deficiency are not altered ; that is to say, the excessive fire 
is, as it wore, drawn from M N into a b ; the deficiency in a b, 
thus became less than the excess in A B, and endeavours to 
lessen fi,*; it therefore drives a portion of tliis excess in A B, 
against the air contiguous to it, and thus creates the redundant 
atmosphere over A 13 : and reciprocally, the excess in A B 
being now greater than tho ileficiency in a b, endeavours to 
increase it ; it drives a part of the tiro remaining in this a b, 
into the air contiguous to it, and raises over it a redundant 
atmosphere. Likewise, the excess in M N being become less 
than the deficiency in m n, endeavours to lessen it, it draws 
fire into m n from the air contiguous to it, and thus renders its 
atinosphero still more deficient ; and reciprocally, the defi- 
ciency in m u, being grcater*thau the exetws in M N, endea- 
vours to draw fire into the hitter, from the air contiguous to it, 
and thus raises a deficient atmosphere over it. 

VoL. IV No. 22, March, 1840. Du 
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On the other hand, when after the rise of the positive 
vindicating electricity, 1 again separate the places, both the 
excess in M N, and the deficiency in a ft, continue to be 
reproduced, though the contrary correspondent electricities 
cannot arise on the surfaces A B, m which remain insulated: 
therefore the greater deficiency in a ft, endeavours to increase 
the lesser excess in A B, by drawing the natural fire ffora the 
contiguous air into it, and thus raises over A B a deficient 
atmosphere ; and reciprocally, the less excess in A B endea- 
vours to lessen the deficiency in « ft ; to that end it draws fire 
into it from the air contiguous to it, and thus raises over it a 
deficient atmosphere. Likewise, the greater excess in M N 
endeavours to increase the deficiency in m w, driving its fire 
from it into the air contiguous to it, whence results a redun- 
dant atmosphere over m w; and reciprocally, the less dcr 
ficiency in m n civleavours to lessen the excess in M N ; to 
that end it drives a part of the latter's redundant fire into the 
air contiguous to it, and thus raises a redundant atmosphere 
over it. 

Conformably to these principles. I. When I separate the 
plates A B a ft, M N m w, for the first time after their being 
charged, they resist so much the sei)aration, that there is great 
danger in breaking tliem. II. From the coating C D a 
strong spark leaps to the nearest finger of that of my hands 
which holds the plate A B a ft, and the edge of its coating 
C D appears all round sparkling with very vivid brushes : all 
this demonstrates to me that a diminution of the excess of 
A B takes place, at the instant when the dificiency of a ft is 
forcibly lessened. HI. Likewise, in the act of the same 
separation, a stroim spark flies from the finger with wdiich I 
hold the plate M N m w, to it coating c e/, and its edge appears 
all round shining with vivid sparks ; this manifests to mo that 
a diminution of the deficiency of vi w, is effected at the same 
time that the excess of M N is forcibly lessened. . Mean- 
while, the flashes of light which appear between the surfaces 
a ft, M N, while they are separating, are produced by the fire 
which, by virtue both of the excess in A B which remains 
superior to the deficiency in a ft, and of the deficiency in m w, 
which remains superior to the excess in M N, endeavours to 
leap from the above a ft into M N. V. In this state of things, 
the upper plate A B a ft repels the white ribbon from both 
its surfaces ; over which, as has been explained in the preced- 
ing paragraph, similar redundant electricities take place. 
VI. On the contrary, the under plate, M N w n, repels a 
black ribbon from both its surfaces, by virtue of the deficient 
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atmosphere, whi^i as hath been also explained, takes place 
over both ife surfaces. . 

The plates being joined again, the inWsity of these attrac- 
tions and repulsions lessen ; because the excess of M N, and 
the deficiency of a i are now respectively kept back by the 
external deficiency of m and tne external redundancy of 
A H. *The adhesion of the plates takes place again, but in a 
less degree than formerly, proportionably to the diminution 
which the original charge has suffered from the first separa- 
tion ; and by proceeding to a second separation, the same 
phenomena continue to take place by virtue of the same causes 
as formerly, though their intensity is proportionably lessened. 

Continuing thus to join and separate the plates, we pretty 
soon attain a term at which, I. The plates cease to manifest 
any sensible adhesion. II. In separating them no light ap- 
pears. III. After the separation, they do not sensibly draw 
or attract rubbed ribbons. This term is the point of the con- 
trary inflexion, the limit between the negative vindicating 
electricity which takes phu.-o at first, and the possitive one 
which succeeds to it. This term is sooner attained, according 
as the insulation of the plates is less complete : in this case 
one plate sometimes roaches to this term a little before the 
other, which still continues to draw and repel ribbons with a 
sensible degree of force. Lastly, this term is attained, before 
the effect of the sejiarations has cmtirely annihilated the charge 
introduced at first into tlie plates. In fact, if they are rejoined 
immediately after the term is passed, they still give pretty 
strong shocks. 

If, after the term is passed, the plate^ are successively 
joined and separated, but without touching them ; they begin, 
by virtue of those successive separations, to recover their 
former electriijities : that is, the surface a h of the plate A B 
a b, begins to recover a part of what deficiency it had at first, 
and the surface M N, begins to recover also a part of what ex- 
cess it may have lost. Whence it happens that, after the 
separation, the deficiency of o b, being become greater, en- 
deavours to increase the excess of A B, by drawing into it 
the natural fire of the air contiguous to it ; and reciprocally, 
£ho excess of A B, being less than the deficiency a b endea- 
vours to lessen it, by drawing into the same a b, the natural 
fire of the air contiguous to it ; so that a b and A Bjthen be- 
gin to repel the black ribbon. Likewise the excess of M N, 
being become greater than’ the deficiency in m w, endeavours 
to increase it, by driving the* fire of m n into the air contigu- 
ous to it; and reciprocally, the deficiency of ni n, being less 
tlian the excess of M N, endeavours to diaiini''h it, bv di i' iiig 
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the fire of M N into the contiguous air, whence M N and m n 
begin to repel the white ribbon. And thus the rHajaiive vm^ 
dicaiing electricity becomes clianged into a positive vindicate 
ing electricity. 

By continuing thus to rejoin and disjoin the plates, those 
portions of electricity that had been lost are pretty quickly 
recovered on all sides, by virtue of these successive separa- 
tions ; the adhesion of the plates, and the repulsion of the 
ribbons also increase in proportion ; so that it appears that all 
these pheiioincna of the positive vindicating electricity^ con- 
tinue till that degree is attained, at which the charges that had 
been intro<luced arc annihilated. 

Beyond this term, if the plates are continued to be re- 
joined and disjoined, for an whole hour or more, without 
being touched, they continue to sliew some adhesion to each 
other; they continue when separated, to repel ribbons con- 
formably to the kind of electricity which they have resumed on 
their internal surfaces, &c. 

I have represented in the fig. 2. of the PL IX. the series of 
the above alterations of the vindicating electricity. Now I 
shall make use of this figure, in order to ex})lain the 
vindicating electricity of the plate M N m w, (PL IX. 
fig. 1.) The same explanation will serve for the electricity of 
its fellow-plate ; only, the ordinates must be taken on the 
other side of the absciss. Let the two ecpial right lines 0 F, 
0 V represent the excess introduced into M N by the charge, 
and the deficiency introduced into m n. On the first separa- 
tion of the plates, M N will, for instance, lose the portion u F 
of its excess : therefore, it will in cduscijuencc of this separa- 
tion appear negatively electrified over both its surfaces; the 
plates being joined again, it will recover part of its former ex- 
cess, and will thus bo brought to have then the whole of its 
excess equal to P G. In consequence of a new separation, 
a portion x G of the same excess will again be lost ; and thus 
it will at lasbhapj[)eii, tliat M N will have that precise degree 
of excess at whicti a further separation can no longer lessen 
it ; so that H is the point at which the vindicating electricity 
begins to be altered, that is, from negative becomes positive. 
At a following separation, by virtue of which the remaining ex- 
cess is already reduced to the less value ll I, the plate, instead 
of continuing to lose any more of its excess, on the contrary 
begins to recover the portion of it 1 y. Hence, as the remain- 
ing excess from the charge, in M N, is gradually reduced to 
to the less values K S in K, L* A in L, and o in M, the 
surface M N gradually recovers greater portions of its 
former excess, K L M From tliat point afterwards 
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the surface M by virtue of other successive separations, 
will for a v^ry long while continue to recover portions of its 
former excess, which (the operation bJing continued without 
touching the plates) will gradually vanish at every successive 
conjunction of the same. 

And, thus the portions of a curve 0 Q M, o q M, will, 
with tfieir^cspcctive ordinate, express the excesses and de- 
iifiencies, both primitive and remaining, of M N and m n ; the 
portions of a curve u H ^ v, V V, will, with their ordi- 
nates, express as far as 11, the negative vindicating electrici- 
ties, and beyond 11, th« positive vindicating electricities, of 
the surfaces M N, «« n. The same portions of the curve 
which serve to express the degrees of positive and negative 
vindicating electricities that take place at every successive 
separation of the plates, will also serve to represent the pro- 
gression of the mutual adhesion of the plates, u F, U F will 
express the greatest degree of the adhesion of the plates, 
when they still retain their whole charge ; w'hich value will 
gradually lessen conformably to the successive lessening ordi- 
nates, X G, X G ; at the instant when the negative electri- 
city will take place, this value will be o in H, that is, at the 
point of the contrary inflexion ; and thence it will continue 
quickly increasing, then very slowly decreasing, conformably 
to the successive ordinates, I y, I Y, K s, K S, L 2 , L Z, 
M §•, M §', &c. 

With respect to the experiments that are made on the vin- 
dicating electricity of a single plate A 11 a 6 (PI. IX. fig. 3.) 
by disjoining its coating C 1), tliey differ much in point of in- 
tensity and duration, from the experiments that are made with 
the two plates jointly charged. Of this difference the cause 
partly at least is manifest : in the separation of the two plates 
jointly charged, the vindicating electricitiesf of the two sur- 
surfaqe/fcwhich arc disjoining, co-operate together; and this 
circumstance must increase the effects, and better preserve 
the clBcient causes ; that is, the dispositions introduced by 
the charge of the plates, by virtue of which they endeavour to 
dismiss their respective electricities to a certain degree, and 
beyond this degree, to recover the same. 

With regard to the manner after which the same vindicat- 
ing electricities exert themselves, I observe, I. That positive 
vindicating electricities exert themselves after the same man- 
ner, when only one plate is used, and separated from its coat- 
ing, as when both are u^d^ and successively separated from 
each other. II. Negative vindicating electricities also exert 
themselves after the same manner, if the charge introduced 
into the single plate is very weak, consisting for instance, of 
only two or three sparks from the first conductor ; because the 
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charge which is usually introduced into the, joined plates, is 
likewise small, on account of the thickness of4he whole. 
III. But if the chargee introduced in the single plate be much 
intense, then the phenomena which result from disjoining the 
coating of it, while the plate retains its whole charge, are 
proportionably different from the phenomena which resiut from 
separating the two plates, when they only possess their joint 
charge. * 

That is to say, each of the plates that retain their charge, 
manifests in consequence oi a separation, the same electricity 
on both its surfaces, with that of thp surface which is dis- 
joined ; but the plate which has been charged alone, and pos- 
sesses a considerable degree of charge, manifests that kind 
of electricity on the surface which is disjoined from its coatings, 
which is proper to that surface ; and the contrary kind of 
electricity on the other surface. Thus, if the single plate 
A B a & be strongly charged, positively in A B, and negatively 
in a bj it will, after the coating C D is taken off, repel a white 
ribbon from A B, and a black ribbon from a b. 

The reason of this is, that charges universally endeavour, 
with a force proportioned to their intensity, to grow gradually 
less ; and this force counteracts the force with which tl)ey en- 
deavour to keep their state of mutual equality, the force by 
which the single charged plate endeavours, when separated 
from its coating,, to actuate similar atmospheres in the air con- 
tiguom to its two surfaces. When I take off the coaling C D 
from A B a ft, which I suppose to be strongly charged, I 
lessen the electricity of A B ; therefore, by virtue of the force 
with which the two contrary electricities constantly endeavour 
to keep their state of equality, the deficiency in a ft must 
lessen, and the excess in A 13 of course somewhat increase: 
as the electricity, on both surfaces strongly endeavours at the 
same time to grow less in consequence of its very intensity, 
the deficiency in a 6 very strongly lessens by the United 
efficiency of tbc two above causes, and the excess of A B, even 
after the separation of its coating, will continue to decrease a 
little, in cohsequence of the lessening force, which arises from 
the intensity of its charge, and surpasses that which tends to 
an equality ; thence, a certain quantity of fire flows from A B 
into the contiguous air; but a 6 at the same time draws fire 
from the air contiguous to it with very great force, and after 
this manner the above effects take place. 

1 have repeated the above observations from my above men- 
tioned book on the vindicating electricity^ and added some 
new ones, in order to throw some more light on the subject ; 
with regard to the nature of the adhesion which accompanies 
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vindicating electticities, I shall only subjoin two trials I have 
made abuul^it. The first is as follows ; if two plates, cither 
charged, or lately discharged, and whfch therefore strongly 
adhere to each other, are immersed into an extensive subtle 
flame, or, when taken from this flame, arc suspended within a 
large glass bell, emptied of air they soon part from 
each other. The other experiment is that of disjoining 
bodies naturally joined, for instance, strata or sheets of talc, 
or of spato : no electricity at all arises from these bare sepa- 
rations. With respect to the cause of the vindicating electri- 
city, and of the adhesion that accompanies it, it certainly 
would, if discovered, throw a considerable light on the pro- 
perties of insulating bodies, on the manner of their charges 
on the nature of electric atmospheres, and consequently on all 
the most striking phenomena of electricity, such as the brmk 

the star, and tiie electrical motions. A. consideration this 
which is very apt both to excite us to investigate such cause, 
and restrain us from barely imagining it. 

LV . — Synoptic kiew of the precise amount of pure Carbotiy 
yielded by the rigid analysis from the Charcoals of thirty 
principal known Woods; by W. F. Weekes, Esq., Surgeon. 
Lecturer on Philosophical and Operative Chemistry, &c, 
&c.. Sandwich.* 

Some twelve years since I was induced from circumstances 
arising out of engagements in the laboratory, to undertake a 
somewhat extensive scries of experimental researches relative 
to gaseous, liquid and other products of numerous specimens 
of ligneous fibre, exotic as well as indigenoijs ; subsequent to 
which course of eiujuiry, the charcoals of the respective 
woods were made the subject of extremly cautious analysis. 
From my mimitcs of the results then obtained, 1 select thirty 
of the P|[«ncipal specimens, and liave brought them into a 
tabular view, under the impression tliat it is a point of some 
importance to the chemist and man of general sconce, as well 
as to certain manufacturers and otliers, to possess a source 
of reference upon which may be placed unqualified reliance, as 
respects the per centage of pure carbony generally present in 
the charcoals from various specimens of wood ; though 1 am 
aware diat some few results of this description have already 
been given to the scientific world, by analytical chemists of 
00 small celebrity. 1 shall only further observe, that the 
whole series of charcoals 'was obtained by close distillation 
from woods cut down in tlieir full vigour, and afterwards 
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gi’adually dried by exposure to the atmosphi/re. The follow- 
ing synopsis is arranged in the order of their jfurity down- 
wards : — ^ 


CHARCOALS, 

Aum'UuI of 
Pmv (-'arbon 
hi 

K*.'* 

Mulberry 


(yhcatnut . 

<)9,3.S 

Yew .... 

y9,or> 

llirch .... 


Cherry . 


Box 


Maple 

Sycamore 

9B,7j 

f)8,75 

Ash 

9<S,75 

Cedar 

9^,77) 

Lime 

lh^7r) 

Holly 

9H,I0 

LignmnvitJB ... 

!)8,40 

Willow 

98,2.'» 

Beech 

9B,13 

Pear 

9S,I3 

American Oak 

97, .'■>0 

Hawthorn 

97, .-iO 

Labiirimni 

•JIM) 

Poplar 

97, .70 

Alder 

97,iJr> 

Evergreen Oak 

9(!,i^8 

Plum 

9<:.87 

Mahogany' ..... 

9(!,25 

Elm 

9'),25 

Apple 

9fi.2.'j 

English Oak ... 

9.5. 

W aliiiit 

93,75 

Ebony 

92,40 

l.aiicewood 

8(>,25 


Hence it will appear that between the two extremes of the 
table, mulberry and lance wood, independent of variations in 
the intermediate scries, there exists a difference in purity 
amounting to 13,25 grains per cent. ; and it may be further 
worthy of remark that, notwithstanding the striking want of 
uniformity in the external character of many woods, precisely 
the same amount of pure carbon appears to be essential to 
their constitution. 
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LV^I. — Oil Tornadoes and fErsted's Memoirs respecting 
them. Hy Robert Hare, M. J). Professor of Chemistry, 
in the Ponsylvanian University, Philadelphia. 

TO THE EDfTOnS OF THE NaTIONAI. GAZETlfE. 

Don't Sirs,— -I believe it isj^cnerally admitted by electricians 
that the enormous discharges of the electric fluid, which, during 
thunder gusts, take place in tlie form of lightning, are the 
consequence of the opposite elecftical states of an immense 
htratum of the atmosphere coated by the thunder clouds, and 
a corresponding portitm of the terrestrial surfac'e. In a memoir 
published in the btli volume of the American Philosophical 
'rransactions, republishe<l in Silliman’s Journal, volume 32, 
for 1837, I had endeavoured to sliow tliat the tornado was 
the conscMpumce of the same causes p];(rducing, in lieu of 
lightning, an electrieal discharge by a vertical blast of air, and 
the upward motion of electrified bodies. In your (Jazette of 
the 30th idt., you have re-published an article by the cele- 
brated (Krsted in which it is alleged that tornadoes or water- 
spouts cannot be caused by electricity, because there is no 
evi«ience proving that persons exposed have experienced elec- 
trical shocks. To me it appears evident that the scientific 
author confounds the different processes of discharge to which 
I have alluded, the one occurring in thunder gusts, the other 
in toniadocs ; also that he has forgotten that a shock can be 
given neither by a blast of electrified air, nor by a c.ontinuous 
electrical current, a transient interruption of the circuit being 
indispensable to tlic proiluction of the slightest sensation of 
that nature. If a person, having a conductftig communication 
hetween one of his hands and a chargeil surface of a well in- 
sulated battery, hold in the other hand a jointed wire, tho 
battery >yill b"e discharged through him and through the wire, 
producing a blast of electrified air from the point, without his 
experiencing any shoirk; neither would a shock be given to any 
person by exposure to the blast thus produced. 

This form of electrical discharge to which I ascribe torna- 
does, in which electricity is conveyed from one surface to 
another by the motion of air or other moveable bodies inter- 
vening, is by Faraday designated as '•'•convection^' from the 
Latin “ conveho,” to carry along with. 

In the comparatively minute experiments of electricians, the 
process of convective discharge, is exemplified not only by the 
electrified aerial blast, but Hkewise by the play of pith balls, 
the dance of puppets, or the vibration of a pendulum, or bell 
clapper. The passage of sparks is found to arrest or to check 
such movements, and in like manner the passage of lightning 
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• 

has been observed to mitigate the vertical foijee of a tornado. 

While a meteor of tl^is kind, which passed over Providence 
last year, was crossing the river, the water, within an area of 
about three hundred feet in diameter, was found to rise up in 
a foam, as if boiling. Meanwhile two successive flashes of 
lightning occurring, the foam \^s observed to subside after 
each flash. It is thus ])roved that a discharge by lightning is 
inconsistent with the discharge by convection, and that so far 
as one ensues, the other is impeded. 

In an account of a tremendous storm of the kind of which 
I have been treating, published in Silliinan’s Journal for July 
last, it is mentioned, that, at its commencement, it was only 
a violent thunder gust. This is quite consistent with the 
experienc.e acquired by means of our miniature experiments, 
in which a discharge, by sparks, may be succeeded by a dis- 
charge by convecticu, or vice versa, or they may prevail al- 
ternately. In one case tlie electric fluid passes in the gigantic, 
sparks called lightning, in the other it is conveyed by a blast 
of electrified air. In the former case animals are subjected 
to deleterious shocks, while in the latter no other injury is 
sustained than such as results from collision with the air, or 
other ponderable bodies. 

In the case of the tornado, the vertical blast is accelerated 
by the difference between the jircssure of the air at the earth’s 
surface, and at the altitude to which the blast extends. 
Should this he .a mile there would he a difference nearly of 
one hundred and forty-four pounds per square foot. During 
the tremendous gale which prevailed at Liverj)ool last winter, 
the greatest pressure of the witid was estimated at only thirty 
pounds per square foot. So far as the ingenious inferences 
and observations of Mr. Epsy, as to the buoyancy resulting 
from a transfer cf heat from aqueous vapour to air hold good, 
the vertical force so alleged to arise, will co-dpera'’e to aid 
the influence of electric discharges by convection. 

The distinguished author of the memoir alluded to at the 
outset of this communication, conceives that were electricity 
the cause of tornadoes, the magnetic needle should be dis- 
turbed by them ; and without advancing any proof that such 
disturbance does not take place, foumls thus an objection to 
electrical agency. 1 conceive that it would be unreasonable 
to expect a magnetic needle to be affected by an electrified 
blast of air, if protected from its mechanical force. 

It has been shewn, by Faraday, that without peculiar 
management, tending to prolong 'the re-action, the most deli- 
cately suspended needle cannot be made to diverge in obe- 
dience to the most powerful discharges of mechanical elec- 
tricity. An electrical spark may impart a feeble magnetism. 
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but it is too rapid! and transient to effect a needle. Moreover, 
when a neeflle is at right angles to an electric current, which 
would be quite competent to influence it, if parallel to it, 
there cau be no consequent movement, since the current 
tends to keep it in that relative position. The direction of 
every electrical discharge, inducing a tornado, must neces- 
sarily lie nearly at right angles to the needle, since it must 
be vertical, while the needle is necessar’dy horizontal, when 
so supported as to traverse with facility. 

I do not perceive any facts or suggestions in the article by 
(Ersted, which arc competent to render the phenomenon of 
which he treats more intelligible tliau it was rendered by the 
accurate survey and examination of the track of the New 
Brunswick tornado, by Dallas, Bache, and Espy, in con- 
nexion with accounts pid)lislicd by other witnesses of that 
and other similar meteors. . 

It seems to be admitted, on all sides, that within a certain 
space there is a rarefaction of air, tending to burst or unroof 
houses. That the upward blast consequent to this rarefaction, 
carries up all moveable bodies to a greater or less elevation ; 
that an iifflux of air ensues, from all quarters, to supply the 
vacuity, which the vertical current has a tendency to produce. 
Trees, within the rarilied area, are uprooted, and sometimes 
carried aloft ; but on (iither side of it, or in front, or in the 
rear, are prostrated in a direction almost always bearing 
towards a point, which during some part of the time in which 
the meteor has endured, has been under the axis of the column 
which it formed. 

It appears to me that all the w’ell authenticated charac- 
teristics enumerated by (Ersted, are referable to the view of 
the case thus presented. I’liis distinguished author assumes 
that there is a whirling motion, although beUveen American 
observers this *s a debated question It seems in the highest 
degree probable that gyration does take place occasionally, if 
not usually, since itr the case of liquids rushing i»to a vacuity, 
a whirlpool is very apt to ensue. But as slight causes will in 
such cases either induce or arrest the circular motion, such 
movements may be contingent. It would how'cver apjrear pro- 
bable that when gyration does exist, it may, as the consequent 
generation of centrifugal tbree tend to promote or sustain the 
rarefaction, and thus contribute to augment the force, or pro- 
long the duration of a tornado. 

From observations made upon the track of the recent 
tornado at New Haven, I am led to surmise that there was 
more than one axis of gyration and vertical force — I conceive 
that in consequence of the diversities in the nature of tlie 
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bodies or the soil, there was a more copioust emission of elec- 
tricity from some parts of the rarefied area than ‘others. In 
two instances waggons with iron wheel tires and axles, were 
especially the objects of the rage of the elements. Trees 
equally exposed were unequally aflFected, some being carried 
aloft, while others were left standing. The area of a. tornado 
track may be more analogous to a rough surface than a point, 
and the electricity may, from its well known habitudes, be 
given off from such bodies as arc from their shape or nature 
most favorable to its evolution. 

Since these inferences were made, I have observed in Reid’s 
work upon Storms, that similar impressions were created by 
facts observed during a hurricane at Mauritius in 1824, It 
was remarked that narrow, tall, and decayed buildings, ready 
to turn into ruins esca])cd, at but little distance from new^ 
houses which were* overturticd or torn into pieces. It was 
inferred there were local whirlwinds, subjecting some locali- 
ties to greater violence than others in the vicinity. In the 
case of other hurricanes similar facts have been noticed. 

It may be expedient here to subjoin, that I consider a hur- 
ricane as essentially a tornado, in which an electric discharge 
by convection^'" associated w ith discharges in the form of 
lightning, takes place from a comparatively much larger sur- 
face. In the case of the hurricane, however, the area of the 
track is so much more extensive, tlmt the height of the vertical 
column to the diameter of the base being proportionably less, 
there is necessarily a modification of the phenomena, which 
prevents the rcsemldancc from being perceived. In the case 
of the hurricane, the column is too broad to come within the 
scope of a human eye. 

So much has lately been presented to the j)ublic, either 
through the newspa[>crs, journals, or lecture^, which I con- 
sider demonstrably incorrect that I can hardly, ccmsistcntly 
with my love of true science, remain an inactive observer of 
the consequent perversion of the ])uhlic nund. Unfortunately 
it is difficult, if not impossible to discuss such subjects without 
a resort to language and ideas, which are too technical and 
abstruse for persons who have not made chemistry and elec- 
tricity an object of study I have however prepared a series 

of essays, in which the causes of storms are stated, agreeably 
to my view of this important branch of meteorology. — I am, 
gentlemen, yours truly, 


" ROBERT HARE. 
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Lyil.— An account of a remarkable Tornado which occurred 
towards the last of June, at Cliatemy, near Paris, being 
translated from the Report of u Parisian savant, Peltier, 
appointed to ascertain whether insurers were liable for the 
lossef under policies against damage from thunder storms 
(See Journal dcs .Debats for the i 7th of July.) Also Re- 
marks and Annotations bg li. Ha he, M. D. Professor of 
Chemistry, in the Pensylvanian yniversity, Philadelphia. 

roil THE NATIOXAI. OAZETTE. 

Messrs. Editors : — You had published a memoir on Torna- 
does by a distinguished foreigner, (Erstod. Conceiving the 
impression conveyed liy that article less worthy of considera- 
tion than those which had been presented in a memoir which 
I had previously published, 1 hope that J^shall be considered 
as having had a snllicient incentive for endeavouring through 
the same channel to correct the erroneous impressions which 
that memoir was in my opinion of nature to produce. 

In my letter t(j you of the 2Gth ult. it was stated that 1 
considered tornadoes as the consenuence of an electrical dis- 
charge superseding the more ordinary medium of lightning. 
I'rom an acticlc wliicli has since met my attention in the 
Jounial dcs Dehats, published on the 17th July at Paris, it 
appears that a tremendous tornado accurred about the last of 
tlie preceding June in the vicinity of that metropolis. The 
losers ai)plied for indemnity to certain insurers, who objected 
to pay on the plea that the policies were against thunder 
storms not against tornadoes. 'I'liis led to an application to the 
celebrated Arago, who referred the case 'X) another savant, 
I’elticr. 

Prom the report of Peltier, of which I subjoin a translation, 
it will be secif chat, excepting his neglect of co-operative iu- 
Hucucc of the elasticity of the air, he sanctions my opinion that 
a tornado is tlie effect of an electrical discharge.* 


• lhad presented copies of the pamphlet containing mv meuiofr to M. Arago 
and several other incmhers of the institute. In a subsequent conversation he 
referred to some of the suggestions which it contained. As it conveyed a view 
of the question decisively favourable to the claimants, it may be ini’erred that 
it must have been alluded to by Vrago and thus liave become the source of 
Peltier’s impressions. It may tlierofore be aniieipalcd that due acknowledg- 
ment will be hereafter made by him when, lie realises his promise of making 
a more elahorate report on the torna !i) of ( liitenay. lleforo entering upon 
the arguments by which I sustayied my hy|)oilicsis it was briefly stated in the 
lollowing words : “ A/Ur inaianiij roitsitUring all the /avis I am ltd to sugyrst 
that a tornado is thr rjjvvt of an vUctriJifd vurrent 0/ air sapersvding the more 
usual means uf disekarge klrn'ca the earth and clouds^ i,i those vieid sparks 
nhu'h /re call lightning,*^ 
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“ Yesterday,” says Peltier, I visited uhe commune of 
Chatenay in the canton of Ecouen, department of Seine and 
Oise, and investigated the disasters experienced in the month 
of June last, from a tornado which first originated over the 
valley pf Fontenay des Louvres. At present I can give only 
a summary account of this wonderful phenomenon. , 

“ Early in the morning a thunder cloud arose to the south 
of Chatenay, and moved at about ten o’clock over the valley 
between the hills of Chatenay and those of Ecouen. The 
cloud having extended itself over the valley, appeared sta- 
tionary and about to pass away to the west. Some thunder 
was heard but noth'mg remarkable was noticed, when about 
mid-day a second tbunder storm coming also from the south 
and moving with rapidity advanced towards the same plain of 
Chatenay. Having arrived at the extremity of the plain 
above Fontenay, opposite to the first mentioned thunder cloud, 
which occupied a higher part of the atmosphere, it stopped at 
a little distance, leaving spectators for some moments uncer- 
tain as to the direction which it would ultimately take. That 
two thunder clouds should thus keep eacii other at a distance, 
led to the impression that being charged with the same elec, 
tricity, they were rendered reciprocally rcpcdlent, and that a 
conflict would ensue in which the terrestrial surface would 
play an important part. Up to this time there had been 
thunder continually rumbling within the second thunder cloud, 
w'hen suddenly an under portion of this cloud <lesceuding and 
entering into communieati<m with the earth, the thunder 
ceased. A prodigious attractive power .was exerted forthwith, 
all the dust and <jthcr light bodies A^ hich covered the surface 
of the earth mounted towards the apex of the cone formed hy 
the cloud. A rumbling thunder was continually hcar(l. 
Small clouds wheeled about the inverted cone rising and de- 
scending with rapidity. An intelligent spectator, MbDutour, 
Avho wiis admirably placed for observing, saw the column 
formed by tho tornado terminated at its lower extremity by a 
cap of fire.; while this was not seen by a shepherd, Oliver, 
who was on the very spot, but enveloped in a cloud of dust. 

“ To the south-east of the tornado, on the side exposed to 
it, the trees were shattered, while those on the other side of it 
preserved their sap and verdure. The portion attacked 
appeared to have experienced a radical change, while the rest 
were not affected. The tornado having descended into the 
valley at the extremity of Fontenay, approached some trees 
situated along the bed of a rivuiet, which was w'ithout water 
though moist. After having there broken and uprooted every 
tree which it encountered, it crossed the valley and advanced 
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towards some otiher trees, which it also destroyed. In the 
next place* hesitating a few moments p if uncertain as to its 
route, it halted immediately under the first thunder cloud. 
This, although previously stationary, now began as if repelled 
by the tornado to retreat towards the valley to the west of 
Chate^ajr. I’he tornado after stopping as 1 have described, 
would infallibly on its part, have moved on towards the west 
to a wood in that direction, if the other thunder cloud had not 
prevented it by its repulsion. Finally it advanced to the park 
of the castle of Chatenay, overtlirowing every thing in its 
path. On entering this park, which is at the summit of hill, 
it (lesolated one of the most agreeable residences in the 
neighbourhood of Paris. All the finest trees were uprooted, 
the youngest only, which were without the tornado, having 
escaped. The walls were thrown down, the roofs and chim- 
neys of the castle and farm house carried away, and branches, 
t'des and other moveable bodies were thrown to a distance of 
more than five hundred yards. Deccuding the hill towards 
the north, the tornado stopped over a pond killed the fish, 
overthrew the trees, withering their leaves, and proceeded 
slowly along an avenue of willow^s, the roots of which entered 
the water, and being during this part of its progress much 
diminished in size and force, it proceeded slowly over a plain, 
and finally at the distance of more than a thousand yards from 
Chatenay, divided into two parts, one of which disappeared in 
the clouds, the other in the ground. 

“ In this hasty account 1 have, with the intention of return- 
ing to this portion of the subject, omitted to speak particularly 
of it etftK'ts upon the trees. All those whicdi came within the 
influence of the tornado, presented the same aspect ; their sap 
was vaporized, and their ligneous fibres had become as dry as 
if kept for forty-eight hours in a furnace heated to ninety 
degrees .nbove the boiling point. Evidently there was a great 
mass ot vapour instantaneously formed, which could only 
make its escape by bursting the tree in eveuy direction ; and 
as wood has loss cohesion in a horizontal longitudinal, than in 
a transverse direction, these trees were all, throughout one 
portion of their trunk, cloven into laths. Many trees attest, 
by their condition, that they served as conductors to continual 
discharges of electricity, and that the high temperature pro- 
duced by this passage of the electric fluid, instantly vaporized 
all the moisture which they contained, and that this instanta- 
neous vaporization burst all the trees open in the direction of 
their length, until the wood, 'dried up and split, had become 
unable to resist the force of the w'ind which accompanied the 
tornado. In contemplating the rise and progress of this phe 
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nomenon, wo see the conversion of an ordinary tbundergust 
into a tornado ;* we behold two masses of clouds opposed to 
each other, of which tiie upper one, in consequence of the re- 
pulsion of the similar electricities w’ith which both are charged, 
repelling the lower towards the ground, the clouds of the lat- 
ter descending and communicating with the earth by clouds of 
dust and by the trees. This communication once formed, the 
thunder immediately ceases, and the discharges of electricity 
take place by means of tli^ clouds wdiich have thus desccnilcd 
and the trees. These trees traversed by the elcc.tricity, 
have their temperature, in consc<jHence, raised to such a point 
that their sap is vaporized, and their libers sundered by its 
effort to escape. Flashes and fiery balls and sparks accom- 
panying the tornado, a stnell of sulphur remains for several 
days in the houses, in which the curtains arc found discoloured. 
Fivery thing proves- that the tornado is nothing else than a 
a conductor formed from the clouds, which serves for a pas- 
sage for a continual discharge of electricity from those above, 
and that the difference between an ordinary thunder-storm 
and otic accompanied by a tornado, consists in the presence of 
a conductor of clouds, which seems to maintain the combat bc- 
tw'ecn the upper portion of the tornado and the ground 
beneath. At Cliateiuiy this conductor was formed by the 
influence of an ujipcr thunder cloud, which forced the lower 
portion of an inferior cloud to descend and come into contact 
w'ith the terrestrial surface.” 

IVltier concurs with, me in the opinion that the tornado 
supersedes lightning, by' aflbrding a conducting coimnnni- 
cation betwiien the terrestrial surface and tlnmdor cloiul: but 
he conceives that the, cloud, by' its descent, beconH's the con- 
ductor, tlu'ough which the electric ilis«-harge is acconqilislieil : 
whereas, agreeably to the cKjilaiiation which T suggested, a 
vertical blast of air, ann every l^dy carried aloft, cuiitributes 
to form the means of couimumeation. Agi'eoably to this 
suggestion, the «‘Jectic fluid does not pass })y conduction, but 
“ convection,” as e.x|»laiin!<l in my letter of the tftJ'li ult. That 
the idea of the parisian savan, that the cloud acts as a (;on- 
ductor, is untciiabhi n*n: t be eviilcnt, since the, light matter of 
which a cloud is couslii 'i;,'d could nut be stalionavy, between 
the earth and sky, in oj position to that ujiward aerial cuirent 
of which the violence is proved to be sutficient to eh'vate not 
only water, but other bodies specilically nnieh lieavicr than 
this liquid. 


* See 5tli vol. of thn American riiilosophit-al transactions, or -Silliman's 
Journal for 1837, vol. 3*2, page 164. 
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So much of the narrative <if Peltier as relates to the repulsion 
between th*c thunder clouds, is inconpistent with any other 
facts on record respecliujf tornadoes which have come within 
iny knowledf'c. It should bt; recollected that this part of the 
story does not depend u})on the* observation of the author, and 
may bo due to tin; iniugination of the witnesses whom he ex- 
aininctcl. The most iuij)ortant i)art of his evidence, is that 
respectiu”: the elfect upon the* trees, which ajjpears to me to 
deiiionstrale, that they were the inecjiuju of a tremendous elec- 
trical current. 

In luy memoir I noticed the injury done to the leave.s of 
trees, and stated my conviction that as it was inronceirahla 
that awchankal lacernlion could hare thus extended itself 
equally aiiioii;/ Ike foila;p\ a surmise may he warruuted that 
(he elmiiiic was ejfecled hy efectricily ussoeialed with the 
tornado." • 


LVUl.—D escripfton of a new J'oltamefer. By JMartyn 
lloriKKTs, Esq, In a letter to the Editor. 

Mv Dkvii Sin. — If you tliink the followiii;:; account of 
an iKs^rumcnt worthy of a ])]*r*e in your Annals of Electri- 
city, you are at lihorty to insert it. I Cfuitrivcd the instrument 
winter, and found it exceedingly uv'^d’ul in comparing tiic 
decomposing power of dilVerent electric currents. I brought 
it before the itoyal Socii‘ly of Kdinburgh, wIumv it was much 
approved of, 

'Jlie usual way of measuring the quantity of gas developed 
by the polos of a galvanic baUcry, is by an instrument called a 
voltameter, of which llicn» are many forms; but to all there 
is an object ion, viz., tlie tnudde, and often difficulty of refilling 
tlie tube with the liquid to be de^*x>m;>Obcd.» 'J"he change i 
have iv*;ulc iif the li>nu makes it a very simple instrument, 
giving ^^rcat facility i>f inanipuiation, which you will allow is 
of importance in all electrical experiments. ’ ?\K voltameter 
lig. r>.pl. IX. is a glass tube, bent like the letter IJ, and sunk 
into a wooden stand, as deep as the dotted lines in the figure. 
One leg a will contain about three culiic inches of gas, and on 
its length, is cut a scale dividing it into indies and tenths, 
cubic ; on the summit of the other leg h is a reservoir c which 
w ill contain something more than three cuhic iiithes. 

About an inch above the lowest point of the eiirvaturo of 
the tube, and in the leg n two holes are bored in the glass, 
and in (liesc are cementcil tt\’o sliort pieces of No. fi piatina 
wire.rf.^/. Tile ends of tliese wires in the tube, must he close to 
each otlu'r, hut. must not touch. The outward ends ofthe.se 
Voj.. IV. -N... isar i: r. 
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wires terminate, in two binding screws, s, .v, for the purpose of 
attaching to them the wires of a battery. On the summit of 
the leg a is a stop-cocTc 

To use the instrument, fill both logs with dilute sulphuric 
acid to the level of the stop-cock, or rather to zero on the 
scale. Shut the stop-cock, and fasten the battery mres in 
the binding screws : the decomposition of the water now com- 
mences, the gas rises in the leg a and the li(|uid is raised into 
the reservoir c and this will (•ontimie until the liquid is 
depressed in the leg a below the platina wires. The number 
of inches and tenths, of gas produced in a given time is marked 
by the scale, and gives, of course, the comparative power of 
the battery as usual. Hut now if yo>i wish to repeat the 
experiment, you have only to open the stop-cock, the gas 
rushes out, and the a{)paratus is instantly ready for another 
trial. 

I remain, my dear Sir, yours fridy, 

MAHTYN J. HOIlEirrs. 

LlX. — On an ^lir Elect romelcr ; by 11. W. ('owAiin, Esq. 

In a Letter to the biditor. See fig. 4. PI. IX. 

Dkau 8in, — The inst runicnlconsists of a glass cylinder, three 
inches diameter, by eight iiu4i(;.s in length, on each end ol which 
a brass cap is cemented air tight ; passing through the ujjpci 
cap, and near the edge is a glass tube 13 blown w ith a funnel- 
shaped end (for the pui po.so. of cxpf)sing a greater surface,) ami 
bent so as to leave a .siiort parallel arm of about two indies and 
a half. To the long arm of this tube, a narrow graduated 
scale of ivory is atlixed by m<*ans of fine wire. C and D are 
brass wires and balls placed in the centre of the caps, the 
upper one sliding in a collar of leather. In order to use this 
instrument, the tube 11 must be filled to about the .height of 
two inches, with a fluid, on the surface of w'hich in ttie long 
arm must rest a light gpiage made of ivory, and sliding so 
freely as tp require very slight springs made of quill, to res- 
train it by thin pre.s.-ure in any p.irt of the tube. 

Now it is evident if a charge be passed through the cylinder, 
tl e air in it will be displaced, and pressing down the fluid in 
t'ne short arm, it will rise in the long one, and of course the 
guage with it, whi' h by the springs, will be restrained at its 
maxiniiim height. The gauge is represented at K. 

The advantages to bo derived from this construction of the 
instrument, I conciuve to be, — 

1st. The appearance is more elegant. 

2ud. It is more easily affected. 
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3rtl. Tligre is no slopping about of a large quantity of fluid 
in the bottom of the eylirndcr. 

4th. Should the tube recpiirc cleaning, or the fluid 
replenishing, it is easily effecte<i. 

5th. The iierrnaiient indication afforded by the guage, of 
height#to which the fluid has risen. 


LX. — 'l^hc Aurora Borealis^ of Scplemher 1839. 

A very singular aurora borealis a])pear(ul at T-ondon, on 
the evening of the 3rd of September, 1839. It first made 
its appearance about a quarter before nine o’clock, and con- 
tinued nearly the whole of the night. I was walking from 
lirixton to IVckhani, between nine and ten, and kept the 
aurora in vic'w the whole of the filing "I first saw it when 
passi)ig lirixton church, then about nine o’clock ; its appear- 
ance was that of a yellv>\vjsh light, at a small altitude above 
tlie northern horizon. In the course of n few minutes, a few 
laint slrag:gliug str(?ams glided ujiwards to a considerable 
lieight ; and soon afl(‘rwards several groups of brilliant 
streaks of red and whit(^ light .-liot over an ininiense track of 
the northern heavens, to nearly tiu' zenith, llesides these 
streamers, there Avorc also splendid blushes of alternate 
stationary and moving red and white light. The sky was 
partially covered with thin va})oury clouds, which had an 
obvious infiuonce on the colour, and the apparent horizontal 
motion of the light, wliich light also was easily distinguished 
to he behind or beyond these thin ( loiul; >oi’ vapour ; and 
assumed a deeper tinge <»f redness as the vapour became more 
dense between it and tlie S]HM tator As this was the first 
time of my ojiserving this red light <iuri:;g ibo display of an 
aurora?, I became very anxious to know its cause, for 1 never 
yet saw the electrical light in artificially attenuated air any 
thing like the colour of the light which I ohstu'ved on this 
occasion. It was sometimes of a d<’ep crim>{)n, at other times 
of an almost fiery red, then pink, very light jiink, next the 
white colour of the usual aurora, and so on for several 
alternate successions. And at oth(?r limes the aurora would 
seem to reverse the order of cadours, bi‘girming with the ordi- 
nary white light, and passing through the dilierent rod thus 
down to the perfect crimson; and then return gradually to 
the ordinary white. 1 hail j^evcral ojqxirtunities of observing 
these curious changes in tlu* colour of the light Indhre 1 
arrived .at (Camberwell. Just before I entered the grove at 
('amberwell, then about half-past nine, the northern sky was 
iiluniiiialed through an immense horizoulai range, a. 
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splendid red light, but when I arrived in the church yard, 
about five minutes afterwards, the red light had nearly dis- 
appeared, only a small portion remaining on the northern 
edge of a thin fleece of vapour, at a considerable altitude 
above the western liorizou ; being replaced by several splen- 
did groups of the usual white streamers. From this time 
till a little before ten the aurora languished very considerably, 
but about five mluutos before ten it re-appeared with all its 
former splendour, with the exception of the rod colour. 1’his 
last sudden display ])resented many exceedingly fine groups of 
intense streamers which shot upwards to the zenith, and 
covered an immense space in the heavens, Imt lasted onl}' a 
few minutes before they vanished and appeared to leave the 
night in comparative tlarknoss. I watche<l the aurora till 
about half-past ten, but as at that time there appeared no 
reason for its contii'uarice much longer, I ceased my observa- 
tions. I understand, however, that the aurora rc-appeared in 
great splendour, and continued till three o'clock next morning- 

I never, before, observed an aurora borealis expand to so 
great a horizontal range as that which I have now partly des- 
cribed. Lyra and (‘^apella were excc'llontly situated for 
giving a good idea (*f the horizontal extent of the aurora, the 
former star being just within itij western, and the latter just 
W'ithin its eastern margin. 'J’lie thin vapoury clouds presently 
clearing away, these two conspicuous stars Avere afterwards 
noticed to be within the limits of the auroral beams. Before 
ten o’clock the sky had become pretty clear, and the stars shone 
in every part of the visible heavens. I did not observe any 
meteoric stars. • Wili,ia.aj Sturgeon. 

LXI . — American Philosophical Society, 

Professor Bache, in behalf of Professor Icxander, of 
Princeton, made a verbal eoinmunication of a desefipiion of 
the aurora borealis, of September. 3rd, 1839, as it appeared 
at Princeton, 

At about ten or fifteen minutes past eight, P. M. an ill-de- 
fined, but considerably bright light was seen to extend for 
some distance above the horizon, in a direction nearly due 
east ; it was similar, in intensity and appearance, to a lunar 
twilight. Soon after this, a continuous arch or zone of light 
was manifest, extending from the same spot to the opposite, 
or nearly opposite portion of the western horizon. This soon 
separated in two parts,* and, after a short interval, beams of 

« I'wo arches, it is believed, were at this time formed, and either separated 
throughout their entire extent, or uzuted only near their extremities ; but thie 
luy notes do not explicitly state. 
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light shot vip from the eastern portion of the arch which were 
speedily multiplied in every direction around the observer, ex- 
cept within about thirty degrees of the true (or, it might be, 
muff tie lie) south. 

A corona was soon formed, which was at first (|uit:e indis- 
tinct, and was not (rontinuous for any great length of time, 
during the existence of the aurora, except at the period of its 
greatest brilliancy. At about twenty minutes past eight, this 
corona was situated in a line with, tind abemt midway between 
« Aquite and « I^yra?. This may bo considered ‘as a very 
tolerable approximation to its position, though, from the ap- 
parent intersection, or, as it might almost bo termed, inter- 
weaving of the beams wliich composed it, it was not often easy 
to fix upon the place of its centre with much precision, if 
indeed that wliich seemed its centre, did not really change its 
place ; since, at times, it seemed to occupy a position very 
sensibly lower than tiiat which the preceding observation 
would indicate. 

At about half past eight, the apjiearance of the aurora was 
superb. 'J'ho radiations which extended from thii corona, 
nearly readied the horizon in every direction, with the excep- 
tion of those which tended toward the southern space before 
mentioned, wlii('li, it is helievdd, was oven at this time bounded 
by something like an arch, that was convex towards the zenith. 
The aurora was often party-coloured ; frequently of a vose- 
red, especially in spots, in that portion of the sky which might 
be supposed to be near the plane of the dipping needle ; and 
also about the centre of the corona. It was in the part of the 
heavens here desc'ribed, that the arch of .greatest intensity 
could most commonly, if not uniformly, he traced : tliougli the 
(Town of it frequently faded away, or became excessively 
faint. • 

Between the spots, of red light, or beams of tlic same tint, 
t)thers were observed, which, cither from the effect of the first 
mentioned colour, or something peculiar to themselves, ap- 
pefired of a colour approaching to a bottle-green. 

At times, again, when the corona was deficient, the ap- 
pearance of what remained on each side of the vacant spot, was 
not unlike that of two immense cornets ; their heads some 
small distance asunder, and their tails turned eastward and 
westward. 

The light of the corona, when most perfect, was quite dense, 
not only at the central point,,but also near to what seemed to 
be the outer limits of its radiations, at which the tint com- 
monly exhibited the nearest approach to white. 

'rwo meteors or shooting stars were seen, which in both 
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cases appeared to pass between the aurora and the eye of the 
observer ; one nearly in the direction of the arch of greatest 
intensity, and the other almost perpendicular to it. 'J'he pre- 
cise times of their appearance were not noted, though they fell 
within that period in which the phenomena already described 
were exhibited. 

The corona formed again at nine ; and, though again 
broken, was imperfectly visible after that time. 

At half past nin<', the eastern portion of the sky bccann* 
tinted with intense red and green ; but at half past ten, little 
else remained than the apfjcarance of bright horizontal beams 
of white colour in the north. 

If it be admitted that the centre of the aurora was precisely 
midway between « Aiiullm and ,< Lyra*, at twenty minutes past 
eight, its azimuth must have been 1 1 1' 10. of S., and its 

altitude 7-}' 27' C"-; the hitilmleof the obs(>rv(*r being 41) 20' 

47" N. The point thus designated, would be very nearly in tin.' 
direction of the dip])ing needle ; the dip being, by observation, 
72 ' 47' 0" (72=' 47. 1') and the variation (though notaccurately 
determined,) some 4' W. or that of the S. end of the needle, 
of course, the same extent to the east. 'I'he degrees of azimuth, 
reckoned on a parallel to the horizon at an altitude of 72 ■ and 
more, being small, the deviation from the direction of the 
dipping needle, measured on the arc* ofagreat circle*, would be 
scarcely more than 1 - towards the N. VV. 

Professor Bachc stated that his own observations near 
Philadelphia, of the altitmle of tlut ap])aretit converging point 
of the auroral beams, at nine P, ISl. lnad(^ it Intt almnt Gl) . 
He had witnessed a case of the ttppearanee of a <iark sj)ot of 
irregular shape, t)etwecn two beams of ligb.t, which was cer- 
tainly not a cloud, as the stars wen* not at all obscured by it, 
and which he eujjposcd to be the phenomenon referred to re- 
cently by Professor l.loyd. No mottled diou«ls, such as 
usually attend the aurora, were visililo during tii6 ])erio<l 
between nine and ten o’clock, when he had been able to ob- 
serve. Professor Bachc stated that ho did not place much 
stress upon his measurements, as he had been prevented from 
sustained observation by indisposition. 'J'hcre had been, in 
the newspapers, an account of an auroral display visible at 
London, on the morning of the fourth of September, at 
about the same absolute time as at Princeton, according to 
Professor Alexander’s observations. It was said to have been 
accompanied by a very unusual number of shooting stars, com- 
pared in one statement of the Splendid display of November 
13th, 1833, 



On Microscopic Objects. By the Rev. J.B. Beade^ M.A. 407 


FiXII . — AJSfeiv Method of Tllmninating Microscopic Objects. 

By the IIev. J.B.IIeade, M.A., of Caius College, Cambridge.*^ 

Ill Dr. Goring’s viduable memoir of the Verification of Mi- 
croscopic Plu^noineiia, it is observed, the verification of the 
real nature, form, and construction, of a vast variety of objects 
whicliVlude the sense of touch by th<*ir c.xtnmie ininuteness, 
can only be made out by an attentive study of their appear- 
ances, under a. carieAy of methods of illuminaiion^''\ The 
methods of illumination at present fidoptc^d arc four in number, 
and t:onsist in the ajjplieation of direct and ohlique reflected 
Uglify and direct and ohUyue transmUted light. 

TJie first two methods are applicable to opaque objects, but 
for the exaniiiiatiou of transparent f)bj('cts, all the methods 
are availalile. The two latter, howiiver, it is well known, are 
those most (‘ominonly used. . 

Now, wheai microscopic objects, not ojiaque, are viewed with 
ob]i([ue r(‘llci‘ted light — the ilame of tlie candle being placed 
higher than the stage of tb(^ instrument, and its light con- 
dc'used iijioTi the ol)ji‘.et — it is invariably found that the maxi- 
mum of condeiis(Ml light which can beobtained by this method 
is siilfich'Ut for the full d(‘vclo])oment, of many important cha- 
racters. If, again, transmitted light, either direct or oblique, 
bt': substituted for rellected light, ol)staclc's of a still more 
sc'rious nature gnaitly interfi're with acenratc investigation. 
I)(rlicate tints are lost ; colours naturally bright, or even bril- 
liant, are all but absorbed ; the texture and construction of ob- 
jeids are iMToneously i t*])res(aitcd ; and, in fact, nothing is seen, 
in many cases, but a. magiiitied imagt'. of the object in mere 
black and wliite. Nor is this all; for besVles this defective 
representation, the ey(', of the obseiaer is always subject to 
much painful excitement, arising from the illumination 
of the wholt^feld of view. And here, in fact, lies the great 
luactkail iiieonvenience of the juesent method; for, to take a 
coiriiuon cast*. — an object about l-yootb of an ink’ll in diameter 
being placed in the middle of the field of view, the diameter of 
which is about l-l*-2tli of an inch, and (amseqiiently being 
l-(r25tb part of tli(^ area of tlu^ field of view, the eye has to con- 
tend with (>21 ])arts of the bright light, wliicli are not brought 
to bear upon the illumination of tlie object. Jlcnce, a method 
by which this intense glare shall be w holly removed, and that 
without the loss of a single effeetive ray, must evidently be sii- 
perior to the one usually cmplovcd, in the ratio of at least 
(>00 to 1. . " 

• From Goring and Pritchard’s Micrograph ia. 

t Microscopic Cabinet, p. 183. 
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Being lately engaged in the examination of a few test objeetsy 
I happened to notice that Uie feathers of the Lycmia argus^ 
when held above the ilame of a ciindle, exhibited tit a ccrtiiiii 
angle all their peculiar tints, and at tlio same time the flame 
was not visible to tla^ eye. It then ocenrn'd to me, that by 
preserving the same angle under the microsco]>e, the advantage 
of ampliiicatiou would also be accompanied by tlie natural 
colours of thc! object. Tlu^ rec|uisite anglt* was ri‘adily obtained 
by making the axis of the microscojie coincidt^ with the line 
from the object to the ey(‘, wliile tlie candle and the object re- 
tained their relative ])ositions. The r(*sult accorded with my 
anticil)ation, and 1 was gratiJied by the exhihitioii of the most 
brilliant diamond lints, sparkling with c.xfjuisite lustn* oif n jet 
black grouiuL This new method of illuminating mierosc()])ie 
objects, it is at once apparent, consists in obtaining oblique re- 
fracted light. 

On submitting a series of objects to tlu^ sanui illununation, 
1 was soon coiiviiu*i‘d of tlu; valii(‘ ol the discovery ; and I 
scarcely know which to admire most — whether the vctv natural 
appeimmces <»foi)jects, aaloiiied. as tijey invariahly are, by the 
presence of lludr most (h‘Ucate colouring, or tlie ])ers()ual com- 
fort of tlie obsin-ver, arising from the. absc'nce of all siijierfhious 
light. Jo illustrate tlu* two methods by a refenmet* to the 
telesco])e, it may be o])S('rv<*d, lliat the discomfort oi'vic’iwing 
spots on the sun not unapilv <M)rn‘spoiHls with tl)e view ofmi- 
crosco})ic ubj(H‘ts on an illumiuaU'd held ; vriiile the removal 
of all iuconvenhuii and imdrectjv<* light f rom tlie held of the 
microscopo eorn*spouds with the (fh^ar and (jiiiet vicnv of stars 
on the dark blue vault of tlu' iirmameiit. 

The most ])rtu:ttcal>le mode of obtainiiig tlie illumination 
now described is to hx the ohjea-t on the stage ol the mieros- 
cope, in the usiud way, tlu‘. axis of which imistbi' inclined to 
the table, at about an angh‘ of and tlien ho jdace the 
candle about two indies lielow the stage, and about one 'or tw^o 
inches to the sight or left of it; liiit tliis lateral distance must 
be varied, according to the nature of tin? object and the angle of 
aperture of the instrument.- It must be carefully borne in mind 
that the illumination will not be correct unless the field of view 
be wholly darkened., 

'Fo obtain tliis kind of illumination witli facility and ellect, 
it will be necessary to make some alterations in the construc- 
tion of the instrument ; as, for instaiute, in ord(u* to ajiply con- 
densed light, the arm of the condenser must be ]ihic(‘d in a ball- 
and-socket joint, or some similar contrivance must be ado})ted ; 
for when it is pcrjiendicular to the axis of the microscope, its 
introduction diverts the course of the rays from tlic candle to 
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the stage, and not* inifrequently illuminates the field of view. 
The mirror also cannot be made available in its present posi- 
tion, for this kind of illumination, because light, when reflected 
from it, must of necessity illiiniinate th(^ field. It must there- 
fore be fixed on an extended and joint(Ml arm ; and when so con- 
structed, microscopic objects may be vie.we<l cAen in tlu? day- 
time by oblique refracted light. Again, a very remarkable 
inicroscojjic effect will be ]m)diiced Ijy giving a small vertical 
angular motion either to the body of the instrument or to the 
stage, as in Goring’s ii^ngiscope. J3y this means, tlie ])laiie. 
of the object wliich, owing to the prc'sent conslruction, is of 
necessity parallel to the diaim^ter of tiu; f)l)ject-glass, may b(5 
inclined to it at difiereiit angles; and w(‘ sliall thus obtain oh~ 
litpir vlsiou as w(dl as ohJitjur iilnDthial ion. ddu'se two coTi- 
ditions are absolutely m‘C('Ssary for obtaining, in many in- 
sta.n(*(‘s, th(^ trueefiect of coloured objt^cts witli the naked 
eye, and tin* introduction of niagiii lying ])ow(M*s between the 
obje(*.t and the evt‘ does not r(*nder thc‘S(^ two conrlitions a whit 
lh(: less m'cc'ssary. 

J"lie efha-l of this nevr method of illumination may be tried 
witli adxantage on various subjects oi‘th(‘ larger kind, as eiit- 
tings of wood, seales of lisb, and wings of insects/^ We may 
also apply it, \v"ith peculiar interest, to the investigation (if the 
elementary organs of* ])laiits; animal tissues; mosstrs ; eoral- 
lines ; i rystals ; and the seales of inserts of the ordt'is 1^0])!- 
doptera and 'rhysiinura. In each of all these, some striking 
and hitherto nn})erc<dved character will be d(‘velopcd, and the 
observer will lisc from bis ])iivsuit with a mori' thorough per- 
suasion that tli(' lleing whose word is p(»wer, and by Avliom his 
own body ““is fearfull\ and AvoiuhTiidlv le.ath*,’’ has equally 
exhibiU*<l the matchless eflorts of Ills skill in the exijiusitc 
polish of an insect’s joints ; in the ojiening of«a leaf; and the 
pencilling of ;f flower. — To be a theoretical atheist is im- 
]>ossiblf. 

Peckliaiii, Nov. 18S(». ^ 

• Among the various objects which shew* the superiority of this kind of 
illumination over transniittcfl light, tlie spiral vessels of the hyacinth and the 
pollen of tlic coiivolvolus mujor arc the most decided.- -A. P. 
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LXIir, The reason why a small pair of plater introduced 
into a circle of tarye pai7\s reduces the action of the whole 
battery to the same standard as if it were composed of all 
small pairs. By W. H . 1 Ialsk, Esq. In a Letter to the Editor. 

Mr. Editor, — Id the last miin})er of The An^ials” 1 
protnisod to explain iny theory of the action of a small pair 
of plates when introduced into a circle of largiT ones; as I 
considered that tlu‘ theorv coinnionly ^iveii as an exjilanation 
of it, was not founded on fact, viz., tliat the ])ositive elec- 
tricity produci'd on tlie larjije ]»lates nion* ihan that jiroduced 
by the small plat('s, is instantly neihraliziMl by an t'(iual (pian- 
tity of n(!j:!fati\e electricity, and that this extra quantity is 
continually beiiii*- produci'd and as ofleii neutralized.” — Now 
it must l)i> evident that this cannot bc^ correct, for if it were 
so, double as niiedi zinc must b(» dissolved from a four inch 
jdate as tlienr would be from a two iiicli plate, and twice the 
cjiiaiitity of hydrogen gas evolved by the large copjier. Expe- 
riment will provi^ that this is not tlii'- case, for in a c(»mpoiind 
circle consisting of twenty jiairs of ])laU‘S vary ing from oiu' 
inch to eight iiiehes in size, it will lie found that the (jiiautity 
of gas liberati'd from the. eop])ers of thi' c^iglit ineli pairs will 
be no more than that I'volvcd trom tlu' one in<*h j)airs and tlu* 
zinc dissolved is also equal. Although this theorv is received 
by many jK'rsons as correct — and I'vtTi by vsome h'ctnrers on 
galvanism, for 1 liave heard them givi' this explanation o<‘ 
it. — I am (tonvineed that M. !)(' la RiviMlid not mean it in this 
light, f(W he must undouhtedly have eousidevi'd the c'xtra ])ro- 
ductioiis and tlu' i*xtra re-com])osilions of tlu' two electricities 
as due to chemical action oti th(^ ])lates heyiaul what was wccc.v- 
sary for the deretopcmenl of the elect r it' current circutatiny 
throuyh uneyuyl pairs; tlu* ohjectiou which I havt' advuucial 
therefore can have no effect against his theorv as he iuh'ndedit to 
be understood, but only against that as receiv(*d and auVocated 
by those wlv,) are ignorant of his meaning. 1, however, now 
give an explanation of its action according to niy view of the 
subject and which 1 think will explain ewry effect. 

The particles which compose the fluid cemtents of the bat- 
tery contain both positive and negative electricity; the zinc 
contains both also ; but the positive of tlu^ zinc and tlic nega- 
tive of the fluid have anap])etency to unite;, and the pjirticles 
of oxygon and zinc unite in consequence of‘ it; therefore the 
negative electricity which was comhined with the positive in 
the particle of zinc, remains on the mass of zinc and the 
positive wdiich was combined with the negative in the particlt; 
of oxygen remains in the jluid, thus the zinc plate contains an 
excess of neyative and the liquid an excess of positive elec- 
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irictfy. The neyaiive^ therefore^ proceeds front the zinc and 
the posif ire fn)nt the fluids both tnivollinj^- hi diflcroiit direc- 
tions, viz., — ih(3 positive from the iluid in conta(*t witli the zine 
towards the copper in the same cell and the iK'^ativo from the 
mass of zinc alontr the conneetincf wire to the copper in con- 
tact witli it. Having thus laid the foundation of my theory, 

I will* sn])pos(‘ a battery workings in which a pair of ])latos 
halt* the size of tlu' others is introduced into the circle; say 

three pairs simple circles united, and this small pair shall be 
the seiamd pair. At the commehemnent of its action each 
])air of ]»lat(^s prodiu es elei^tricity accordini^ to its size, but 
only at Uie niotnent of nnitiny the itco poles. The ncigative 
on the. small zinc is conveyed by the connecting wire to the 
co})]!er of the first ])air, which at tlu' same time attracts from 
the li(]uid iii which ii is immersed (viz. the first cell) an exact 
({uantity of jiosilive- to nmitralizt^ itsidT, hjit as the liquid con- 
tains t'.vi(‘(^ as miicli ]>ositiv(j as is sufficient for the neutral- 
ization of the n(\<j^ative, the litpiid of the first jiair therefon^ 
remains positive. The negative (dectricity accumulated on 
ihc' zinc ol the third ])air beiu*^ twice as much as the ])ositivo 
contained in the licjiiid iu which the small cojiper is immersed 
(second cedb and which conpm* is conni‘ctod with this zinc, 
only oni‘ hall of it (\scap(*s from the zinc by the connecting 
wire to tills c()]>])er, and ( (msequently the mass of zinc in this 
third cell rmnains negative, on account of there not being a 
siiilicient (|uantity of ])ositive to inaiiralizejt. 

Now as the zinc plates ari' positive with res])ectto the lliiids 
in which tiiey are immersed (that is that their positivi*. ehadricity 
h;is an apprdtmcy to unite with the negative of the fluid) it 
shews lhal the acti(Of of the arid on lh(\/if^sl anti third patrs 
mast h(f diminishetf because, in niimhiM* one, the Iluid is 
]H>sitive by the aeeumulatioii of tliat kind as yi'foro stated, and 
as tlie zinc ts naturally jiositivc, and as two ])ositives will not 
uni t( ‘"( si ipj losing they were ecpial) it is evidmitthat the chemical 
action on the zinc plate of imiiilnT one must diminished ; 
the same in iiumhm* threi* — the fluid is iiaUirally nogalivt*, and 
the zinc naturally jiosiiive, (with rc'spect to I'ach (fthcr) hut as 
there is an accmiuilation of negative electricity on the ziUc of’ 
this jiair as before stated, it ])revents its associating with tlie 
negative oxygen of the iluid, so that the action is also 
diminislied on this pair, hut in the cell of the small pair the 
action goes on uiiintmTMptedly, because tluwe is no accumula- 
tion of cither electricity rf>n the zinc or in the iluid, therefore 
it will be percidve.d that tln3 accumulation of tiu' ]>ositive in 
the liquid of the first pair and of negative on the zinc ot the 
third pair act a simii.au pakt, as a ki;gttl.vtou noi:s To a 
STEAM ENGINE, aiul ill coiisequoncc of whicli there is no more 
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electricity produced from the large ])airs (the commencement 
of die action excepted) than Ironi tlu*. small pair ; tlie greater 
the quantity of positive accumulated in the tluids and the 
more negative on the zincs, tlie less the amount of chemical 
action in these cells — It thus necessarily follows, that if this 
be cori'ect, tlie j)r(»vailing opinion that tlie i xcess of either 
sort of electricity is innnediately neutralized by its oyqiosite 
must be incorrect, because no excess of eilhcu* can be geiuu ated 
save in the first instance, but which is not neutralized but 
acts the purposi' of regulating the action of the acid on the 
zinc — for exanqile — siqijiosing tlu^ large ])lat('s are tt*n inches 
stjuare, and the small jiair only one-j’ourtli the size, and sup- 
posing that th(^ large pair is cajiable of ]'iv)dueing four times 
the quantity of l U'ctricity that the small jiair will, then the 
action of the acid on one inch of* the small pair will be as 
much as its action on four inches of the largi' pair or four 
times as much on an ccpial surface, that is, that the same 
quantity of atoms both of o.vyyen and zinc icill unite in the 
cell with the small pair^ as will unile in Ihe cell with Ihe 
larye pair — the dogri'c of action being ri*gulat(Ml by this 
small pair, which has the eflect for tlu» above reasons of n;- 
ducing the action of the battery to tlu^ saim* standrivd, as if it 
were composed of an e<jual numlxT of tli(^s(5 small plates, 
proving how n('C(\ssary it is when we want large ({uantities of 
electricity' and of a high tension, to be ]>articular not to 
introduce a faulty' pair into the cinde. According to this 
theory', if tliere an* fivi* or ten jiairs of jdates increasing in 
size from one to ten inches, and the cells supplied with dilute 
acid sp. gr. 10(J8 /the zincs being all amalgamated) the hydro- 
gen gas (Evolved from tlje ten iiieh eoj>])ers ought to bt; no 
more tlian that ('volvcd by the one ineli eop])ers in an e(|ual 
time, and the (Juantity of zinc dissolved in e;v’b eidl ought 
also to be equal. K.cperiueatl will prore lhat such^ is the 
case, 1 {im well eonvineed that the above will be \eiy diffi- 
cult to be undc^rstood by tln^ general reader, I thei'efore, suggest 
the necessity of his placing l)efore him a drawing of three 
simple circles united with each other, the centre one being 
half the size of the others, and I ha> e no doubt that with a 
little attention — particularly to the first jiart of this letter, — 
that my theory will be fully compndiended, and tliat he 
will coincide with me in believing it to bt; the most ])lausiblc 
one of any that has as yet heon advanced ; still as it clashes 
with existing opinions — perhaps prejudices — of course I must 
expect the general attendants inseparable from innovators, 
viz. abuse and ridicule ; but no matter, ‘^ felix qui potint 
rerum cognosrere causas^ 
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In my last letter I also stated tliat 1 had discovered a plan 
to increase* the intensity of the shocks ; I therefore now pre- 
sent you with the method : — 

A method to increase the intensity of the Shock Apparatus. 

In ord('r to introduce the process more readily you will be 
pleased to place before 3^011 cither a shock ap])aratus^ having two 
coils or else tlie slajtchfof one, (/ig. (i. pi JX.) and let the two 
s( ^e\^^s connectcMl with the terminations of the primary coil be 
marked No. 1 P, and No. J\ and*lct tlu? two teniiinations of 
the secondary coil be inark(?d Nf). 1 S. and No. *2 S., thus we 
shall have one side oi the a])})ara<us marked No. I V. and No. 

1 S., and the otlu'r side, No. 2 P. and No. 2 S. I am 
thus j)articular in luv explanations that I niaj' hi; better under- 
st()od bv' all your ri^aders. Now h*t a w ire ])ass from the screw 
No. 1 S. to No. 2 P. that the 3 ^ nia 3 ' be. cwnnei ted witli each 
other. Next let a wire ])ass through the sen^w' No. ] P suffi- 
ciently long to be in contact with one ])ole ol* the battery and 
also in contact wdth one of the handles ; the other handle is to 
coniiiiunicate with No. 2 S, whilst contact with the battc^ry is 
broken l)y means of a wire connectiMl with No. 2 J\ Thus will 
tlie shock be (*00 .ld(*ra]>ly incrt'astal and about one half the wire 
now' used ibr t'.ie secoiulary coil ma 3 l>i‘ savi‘d. 

It will at first siglit a])pear to the ()])enitor that the ])rimary 
and s<;condary coilsaire connected w itli each other so as to form 
one continuous coil, and that the increase ot* the shock is 
gained on that account ; but with a little consideration it will 
be evidteit that this is not the case; it is triiii that one end of 
the jn'imary coil is connected with one end of the se.condar}' 
coll, but in order that it should be the elieet^of one eoiilhm- 
ous coil, ct)ntact with the battery mi;st be broken bv means 
of a w'ire connected w ith No. 2 S instead of N (). 2 P, and if 
this be done, k will be found that the shock is very trifling; 
therefljre it is ch*ar that the increase of the shock is owiii*T 
to some other cause wliicli T think may be <^»xplaiued as 
fallow's : — 

It is w ell know n that a jiow'erfiil shock can be ohtaiiu.'d bv 
tlH‘ use of a primary wire alone ; hut, that the shock is very 
considerably inineased by coiling round it a si^condary w ire ; 
in that case luiw evcr, this latter wire does not coiiiniunii ate 
either wdth the battery, or with the primary coil, the current 
giving the shock being wdiat is termed tlu^ induced curront,” 
and which depends on the 4 )rimar 3 - wire for its proiluction,— 
the shock being regulated by the power of tlie pi ii.aary coil, 
and also by the length of wire forming the secondary coil, llut the 
.‘♦aock/e?// certainly- all proccetls Irom this latte? V /i), and the 
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shock which the jmiiuiry coil was (*a])ablo of givjng, as cer- 
tainly lost. Npw it occurred to me that some m(‘ans may be 
:uloi)tO(l to unite this latter shock with the s(‘coiidarv one, so 
that both may be brought into oiicratioii, and b(i made to pass 
through the body at the same time, and this is evidently 
eiiected by the befiue-uieiitioned means, for tlie induced cur- 
rent is obtiiined in an indirect manner, viz.; instead of tlie 
two extremities of this wire being in dinjct contact with the 
body as is the common method, only one end is in contact, 
whilst the otlu'r has to pass throngli the l>aitery itself, and tlnm 
comes to the body by means of tlu' handle connected with 
the primary wive scre^v, No. 1, 1’ ; it is in this manner that the 
secondary ciirn'iit is obtaimal. 'J'lie jaimary current is 
obtained by its jiassing Irom tlie biittcry tlirougli the sen'w 
No. 2, P, across to the screw No. 1, S, then circulating throiigii 
the whole h*ngth of tlie secondary coil, and coming into contact 
with the liody by the handl(‘ fastened to llu^ screw NO. ti, S, 
the other handle commnnicaling with No. 1, 1\ and also with 
th(‘ hatt(‘ry ; it will he thus ju’n'eivcd lhat the inereaxed effWl 
is on'ing to the union of the prinuoii enrrent leii/i the 
secondary current, and hath heiny made to j/ass Ihrtnajh the 
body at once. With a sketch of a shock apjiaratns ]»lac(‘d 
before yon, I have no doubt my ohsevvatinns Avill be ri'adily 
understood, for after the scn‘us are niarki'd and lines drawn to 
r^presmit the wires, the whi le will appi'ar very plain. I have 
just eonstructed a small apjiaraliis on this jaincijile, luiving 
only lour hundred fei't of seeondar\ win*, wliieh is so power* 
fill, that no one. W(»uld he ineline.d to take the shock a second 
time, even with Uvsingle ]'5iir ofliall’ |>int eylindiTs. 

/ remain, Mr. Editor, 

i onr ottedirni Serrant, 

W , II. 11AI.S1V 

nroiit, near Astihurtnii. 


L\I \". — An Analysis of Mr. Harris's Invcstiyalion of 
Mr. Sliiryeons fourth Mmoir. 

Di^ar Sir, — In my letter of2nd DecenihcT last, jmhlished in 
No.2’i of these? AnnalsfAee jiage 1 1 »romised to analyze your 

ej celleni invesiiyation of my (liurth Memoir ; and now that I 
am about to enter on tliat importjmt task, 1 must re(|iiost your 
very ]>atieut atlonlion, because, althougb I may have but little 
to do in this jierformanct^, 1 am desirous of doing that little 
well. Hence I shall )iot he enabled to galloj) over your e^rel- 
/cwi*wm¥/?V'//?w? asfastasy()U liave dom?ovcrmy memoir, nor 
.shall ! find time to follow your examph? in tiiosi' eleyant exulta- 
tions in whicli you have so freijiiciitly enjoyed yourself. My 
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business, oi\tliis occasion, will be merely that of sc])aratintr and 
classifying, tlic various niat(‘nalR of which yom in irsiigaf ion 
is composed, and examining how far they ure concerned in the 
great question at issue. 

You commence y()ur “investigation” in about the usual way 
of intnvhiction; and if you had not perverted the meaning of 
ray motives for submitting my fourth memoir to the “consider- 
ation of all tlie Imrmd scientific bodies in Euroj)e and Anie,- 
rica and conimittt^d some other inaccuracies, which I will 
presently point out, your first paragrapli niiglit have b(?cn all 
very well. Now, instead of my sa) ing that my jm'iiioir merited 
tin; consid('ration of those hutrtwd bodices, J have said, pretty 
clearly, tliat it “is the subjrvt ttj Wftrufc light ffi/fg cunduc/offt 
wliich requires such gem'ral attcnition and rigorous investiga- 
tion”:'^' and liad I denominated thos(‘ scientific bodi(‘s to which 
I liave submitted tlie coiisiderafion of )nv nteinoirs, hiniVih as 
you havi‘. dole*, 1 sliouhl have beem guilty of an unpardonable 
insult to all otlu'r scienlific ImmIics; because the adji'ctivc sci- 
oiiUJlc iinjdiiis Ira.nird; and 1 liavc a right to consider 
that (dt srintti/ic lanlies are learned bodies. Now I will not 
say that your persansiou of my statement was intentional^ 1 
shall therc'fon* place llu.'se tw'o items under the liead MiKtake, 
lh(‘re an* also otlier mistakes in your first.com]>ound para- 
graj)b; fori have nowhere said “that a metallic rod whilst 
transmitting a charge, is at wags ))roduetive of /m we rf at lateral 
i^xplosions nor have? I anywhere said lliat “this elfeet, in tln.^ 
case of a lighlniug rod, is a very fearful circmnstanei*.’' You 
must micessarily luive ol)serv('d, tluit the “ fearful circumstances” 
which you mention iiw ])ointed out as a]>)dic^d)le to goar own 
hghiiiiiig rod only ; for it was that alone which I was investi- 
gating. i l(‘nee. J find that your first j)aragra])h is a compoimd 
of four pure mistakes. • 

Yonv 2nil ]ttrnKra])li is of no import, only as a couni'cliii}' 
fink hAwei'ii the lirstand third. 

Paragraph 3 contains one Mhlakv : for J Imve nowlicrc 
“s]>ok<'n in a sliglning way” of you; hut, on the contrary, I 
have always spoken ol yon in the most handsome manner. 
Read my memoir over again, and ]iay parlieular atUmtion to 
paragraidis '315, 310, 317, and also my letter to you, dated 
September 13(h, 18:1!), page l!)l of this volume. 

lienee you will find that, as a gentleman, 1 have ])uid every res- 
peet to yon ; hut as to your c.\])erimcnts perfonned before the 
Navy lloanl, &e. you must neees.simly periim that extent of 
criticism which is allowable t»n jterformanees of so singular a 
character ; and I must repeat lliat on tliis ])ointl have done no 

• Stc lust paragraph of my letter to you, p. IS2 of this volume. 
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more than to place those experiments in a proper lip^ht, in ordei 
that they may not have that influence on the reader.' 

of the ‘‘Annals of Electricity” as tliey probably had on the Nav) 
Board, from a want of that ex}}lanation which, in my oj)inion 
you ought officiallij to have given them. 

I^aragi'aph 4, is plain enough, and is a good epitome oi 
some of Mr. Stephen Grey’s discoveries ; and will, no'doubt, 
be very useful to those readers who were not })reviously aware 
of copper being a conductor of electricity : and that glass it 
an insulator. Further than this I cannot perceive any utility 
of paragraph 4 : and certainly it contains nothing applicable 
to iny experiments. I think it may properly be placed undei 
the head Neutral. 

Paragraph 5, is of a somewhat curiously complicated cha- 
racter. It is a compound of mistakes^ exultation^ and 'Adcsirt 
to lead your remkrs astray. In this paragrapli you an- 
attempting to confound some of my experiments with those 
which you have described in paragraph 6, and as they have 
‘‘really nothing ” to do with each other, you are heading your 
readers from one of the items of the main subject ; and as 1 
have never made any “ to have ” my memoir “consi- 
dered by all the learned societies of lCuroj)c and America,” 
you have, \vhilst exulting, tumbled into a, what r* Mistake. 

In paragraph ({, your statements arc occasionally inconsi.s- 
tent with themselves, and even contradictory of each other. 
In one part you say, “as the charge accumulates on tluj inner 
surface, a corresponding (juantity of eleetrii'ily is forced off 
from the outer, and without this double eflect takes j)lace, wv 
fail to accumulate a charge.” And to rivet tiiis stalemeiit 
firmly as a fact into our noddies ; and “ro render it evident” 
to our senses, you describe an illustrative experiment under 
the head (^). ‘Now we have luirdly luul time to see thij- 
illustrative experiment, before you tell us it is all a (.Jeccptiou ; 
and that if w^e will read on through the long sentence \/) we 
shall find another illiistralioe ex])criinent “ which is sufficient to 
shows that the accumulated electricity is never exactly balan- 
ced between the opposite (o itings, &c.,” so that one of 
these statements is an obvious contradicition of the other. 
You seem to have some vague idea respecting the condition 
of a charged jar ; but you do not appear to be aware that the 
electric forces on the opposite side.s of a charged jar may 
either be eejuai or vnegual according to cireumstaiiccs. 
I mention this fact with no other -view than that of bring/mg 
it to your noftce as a probabie interesting novelty. The 
remainder of article 6 i.s an acknowledgment tiiat a lateral 
sfnrk does take place, with an attempt to give the phenomeua 
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a diircrcut cxphliialion to that j^iveii iu my incmoii ; an 
(rx-planatioa by no irioanb new to tho partial exporhnouts 
wliicli you have described, but perfectly inapplicabh3 to my 
cjxperinuiuts, described in paragraph 202, of rny fourth me- 
moir, pagti I7d of this volume. 

Paragraghs 7 and 8, are curious speciinejis of your nuKh^ of 
reasoning on philoso]»hical subjects, anti nothing more. 

Paragrapli D is simply an extract from my fourtlj memoir. 

i will not tahe upon myself to say tliat, in paragraj)!! 10, you 
have laboured hard to inv;didat(*my experiments,” but you 
must permit me to point tmt an error or two into wliifrh you 
}iavt‘ fallen iu yonr version of them. 

1 h;iv(‘ !iot said that ’‘a sj)ark is folHit (‘very discharge,’' hiC: 
that ‘‘ a pungcnit spark /yc felt” if ‘"the knuckle wer(‘ 
to be presented to the couduciing rod, ike." '- Now, in conse- 
rpK'iieo of this // 7 //c mistake, (1 liope it, was not an inten- 
iiomil perv(*rsion) you h;ive been h'd into a very serious error, 

by Hnj)p()sing that iny experiments (] suppose you moan 
resnlts) “could only he ])ro(luced ijy continuing to work the 
machine in connexion with the jar,” during the time that th(' 
dist'harges wci'e iiuuU'. If, instead of taking upon yourself 
to make .such a!i assertion, you had coiuloscendod to repeal 
my experiiiU'uts, you would soon liav(^ been convinced that 
there is no need of keeping tiie machine in motion, nor any 
necessity for keeping the jar iu coimexioii with the wire con- 
ductor, in order to j)roduce the lateral discharge which 1 havt' 
described. 

Paragraph 11, is descriptive of experiments which have no 
])earing wliatevcr on my memoir. I’bo best epitome of them 
that 1 have seen is given by (.’avallo, in ttie following note : 
“ If a charged jar be insulated, and dischargi'd with an insu- 
lating discharging rod, after the discharge ])()th the sides of 
the jar, together with the discharging rod, will be found pos- 
sesses of the electricity contrary to the electricity of that 
sid(? of tlie jar which was touched last before ^he discdiargc ; 
which shows that one side of a charged electric, may contain 
a greater (piantity of elcctricily than that, whicTiis sufticient 
to balance the contrary electricity of the opposite side. This 
redundant electricity should be carefully considered iu per- 
forming experiments of a delicate nature. 

As, however, you may possibly wish me to notice a few 
items in paragraph 11, 1 will do so, and begin with the item 
(p): in which you, witli a very proper motive, introduce 
your unit jar. Take a frtend's advice 011 this instrument, 


page 17;j of this volume. 
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and never again depend on its indications as a measurer of 
qtianiities of the electric fluid, for it happens to be no mea- 
surer of either quemtily or mtmsiiy. Let me endeavour to 
show you why. With a constant surface of the same coated 
glass, the intensity of the charge is as the qumHiiy deposited^ 
when the resistance is constant; hut under cTcum- 

stance. Now the resistance wdiicli a jar oRovs to the 
introduction of new or succeeding quantitic?s, whilst charging, 
l>eeoines gradually greater and greater as the charge advances, 
and consetpiently requires, from the unit jar, a continually 
incr casing charge for every successive spark transmitted 
during the whole proci\ss of cliarging. Hence, you see, that 
your supposed units are conlimially varying : and your jar no 
measurer of eK*ctrie aclioiu Ym might hiive known this fact, 
by placing the knob of a jar at a short distance from the 
jnhne conductor, v vier(‘ yon would have seen that, the sparks 
l)ccaino less and less frequent ns t!ie charge mlvrmccd. 

Items ( r) and (s ) are additional of your mode 

of reasoning; and hem (() is not .'uniss. 'Hm two latter 
evince a yrowiuy propeiu-lty to pvrvur.rdon pov. dcr, hut by no 
means any inoi'(? appiicalde in this innstiyalinn than in yonr 
illuslraiion of the effects of liglitning on a siiijfs mast, by thc^ 
wood-splitting apparatus. Your rcadm's tnin have no doubt of 
your Ixung omiiiently succe:o(nl in tiie wood-splitting business 
after reading item (s): ‘‘whereas in ])assij»g the slUjhteyt: 
spark, it (the ])er('US^ion powder) inliaim's dircclly;” and 
they must mn'esisu'ily a(.k no v/ ledge, ilinl; nothing less than the 
most penetrating niind could evenghavv' assimilated the oflects 
of “ the hliglito-t sSp'aik,” with those of a. flash ol.' light ning, 
on a diip’s mast. 

Paragrapli I'J, is simply an epitome of yvnU' views of your 
described experiments. 

Now eornixs jKiragrapii lo v. itii ad) its singular misreprcscfi- 
tatioiis, misiiiterpvetatioi!:-,^o'., i)iit 1 will notice one Kern only? 
because it is the ele\ crest of tlie v, hole, and hi’causoby means 
of that item .1 shall he cnabli’d lo sliow you how (?asily you may 
be led into a mistake. I will pn mise, by acknowledging that 
Earl 8tai]hoj)e was perhu'lly correct by su]>p(>singthat a highly 
charged electric cloud would diaplace a p'orl ion of the earth’s 
electric fluid; and that a posiHocdy charged cloud might thus 
cause a track ofcoiiiitry Ixmeatli it, to become negatively elec- 
tric ; and so long as only (his ])honomonon occurred, your inter- 
pretation would hv: p{n*fectly corroclafso ; and there would bo no 
need of any liglitnieg conductor, biM auso no lightning could pos- 
sibly happen. Hut you know that, lightning (lo(.‘s occasionally 
happen: and you ought also to hav(? knowjq that if aflasl» of 
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lightning from thS supposed cloud Fig, G, Plate VII, were to 
strike the supposed conductor cc, that neither that con- 
ductor nor tin? object beside it, would any longer be in the 
same electric conclition that they w ere in prior to the discharge. 
The electric fluid constituting the Hash ^vould no longer be in 
the cl(|ud, but w'ould now be in tlie conductor cc, which 
would become highly ehclro-^poHith:e during the transit of 
thiid tlirough the uictal ; and w ould thus cause clcctro-dls- 
j)lacemcnts, and conseciucnt electric flashes amongst all those 
A iciual conducting bodies which weYc sufllciently near to each 
other to he wdthin their respectiv^e spheres of action. Hence 
you see that your reasoning only aj)piies to the state of the 
( louds and objects hemeath them prim' to the flash of light- 
ning : and at a time when no conductor is needed: but my 
vcasoiiilig applies to the electric < onditIon of a conductor 
winist hi the ahsoluie capacity of irammij^iing the lightning, 
1 hope you now perceive the distinction; as to tlic importance 
of our respective views 1 must leave you and others to judge. 

Ill your 14th paragraph you obviously rely a great deal 
more ui)on the opinion of other persons than upon any 
knovvictigo of your own. I, on tin? contrary, do no siu'h 
thing* I. shall always venerate l^riestly as a philosopher, but 
I must speak un points of doctrine ai'cording to my own ex- 
]>eri*?nce; and although that eminent electrician did not ob- 
servii the electrkad cilecls ol* laLeral explosions on viciiml 
bodies, 1, and others, luive observed them. And if you did 
not. kiuAv of this fact before, I should advise you to read 
careluliy ni} iit'lh memoir, whieii will very soon appear in 
annals; and aflenvards t ry to repeat some of the expe- 
i inumts w hlc h you v ill there find described*: and in the mean 
time you may road the Jf/^7y/Y//7/ o/' Useful owl edge : and if 

tile b ets stated there shouhl liappen to be ‘‘’ unfortunate for 
your v:h*dc dTictrine,’' I hojic that you w ill not blame me for it. 

Panigrapli lb declares that you have no kiioivlcdge what- 
ever of tlie “radiation of electric matter from c<iiiductors car- 
rying the primitive <lischarge.’’ Hero again I must crave 
vour indulgence not t.o blame me for your not bc'ing acquainted 
with this fact. 1 sincerely wish you had a better prai'tical 
accpiaiutance w ith electrical jilienomena than that which your 
investiguticn indicates, as it would have saved much trouble 
in bringing many cunimon place facts to your notice. Item 
(<’) is akin to item (/^); and the air vlcctro-~thermvnieter o\\ a 
par with the utdt jar, t.et me give you another piece of 
wholesome advice. Never :(gain trust to an c I ectro^meas tiring 
apparatus^ until you have first become well acquainted with 
its cajyabitiiies and the /principles of its action. 
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Paragraph 16 is a neutral: and paragraph 18 Js simply a 
short extract: and paragraph 11) may be dismissed under tiuj 
same head. 

Paragraph 19, though mostly (juotatioiis, is a very important 
paragraph, bec ause it is made the basis of all the imel(M tric 
matter of all the succeeding j)aragraphs in the investfr/atum : 
and I am very glad that 1 am so near the end of it, for 
I am heartily tired of wading through such a mass of 
material as your invesHf/ation as composed of. Now, 
Sir, this unfortunately mischievous word hifinitely^ has givcM! 
you a great deal of unnccessarj^ trouble, for which I am 
exceedingly sorry. Had I said /w7W£'?2.sy 7// instead of infinUchj^ 
I should have been in5rc correct, and you would liavc liad 
less trouble. 

1 do not find any thing further in your investigation exce[;t- 
ing some trifling wnelectro-invcctive, whic^h I liavc neitluvr 
time nor inclination to noti(*c. I sincerely wish you had becMi 
more serious and more scientific*, in your investigation^ as it 
would then have been a pleasure to reason with you, and point 
out many other facts w hich bear upon the great cjiiostinn at 
issue. 

I am^ dear Sir^ 

Yours very trxily^ 

WILLIAM STUKGLON. 


To W. Snow Harris, Esq. 
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ls\ ()!( Iitiliinloit. li i. btdnctiiHi (Ui (icfit)fi of ani- 
dunan.s parllidos. ^ ii. Jhsohfii> idiarpo of malLor. 

111. F/crf roit/ffcr ond linluoliw (ippitm/os vmfdoin^d. 
% iv. hidni'ifon in iOirvid Ij v. Sjwrilii: indurtivo 

raparif ip ^1 \\, (Hvncnd n^snlfs: as lo indncflon. 

1. Induction an act ion of cfjnt iff nous parfirlcs, 

1 101 , TIh; s(‘i(MU'e nl' ('lociricity is in tliai stale in which 
every p^iri of it n'quin'soxpiM'iiuenfalinvestioalion; not merely 
For tihe iliscovi'ry oF new ellects, but, what is just now oF Far 
more iinportaiuM', thv^ development oF the luf^ans by which 
the old ellects are produced, and the consecjuent inon* accurale 
ileti'rmination oFthe first priiicipli'soFaction oFihe mostexlra- 
ordinary and universal iiower in nature: —and to those, philoso- 
phers who pursue the imjuiry zealously yci ( aulioiisly, combin- 
ing (‘xperinn'iits wilh analogy, suspicious of their pn‘ci)ncoived 
notions, paying mori'ri'sp('ct to afact lhana theory, not loo liasty 
tog(*nerali’/e, and above all I hings, willing at <»very step to cross- 
examine their own opinions, bojli b) reasoningand experimeni, 
no branch of knowledgi^ can alFord so lim» and ready a I'udd fiir 
discovery as this. Such is most abuiidanlly shown to Im‘ llie 
case by the progress which electricity has inadi' in llie last 


* From life Traiisaetiofis of tlie Uoyal Soeiel>. 
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thirty yr'iirs; ClKMiiisIry and havc^ Mi(‘(i's>iv(’ly 

ju*kiio\vh'd‘ 4 cd its ()\ (‘riuling* iii(hn‘iu.*n; and it is proi ahli' lhai 
every riircl di'pciidiii^* njuni the ])o\vers of inoi’i^anie inalti'/. 
and j)erha[)s nio.sl of those rtdaled to ve<v<"*'d;le nrnl anlninl 
life, will ult iinalely l)e found subordinate lo it. 

Amongst the aeli< us of <lilrer('nt kinds ir)lo whicdi 
eleelricily has convent ionai.y bcMni suhdiviilcnl, there is, I 
think, none which execds or oven equals in inqxntanc^c', lluit 
called Induction, It is of the most general inlhunicu' in c'Icm!-- 
trical pha'iioinc'na appearing lo Ix' ecineeriied in evc rv one of 
them, and lias in reribly thc' eharac tcn* of a ra‘.-.t , e.'^s.Miiial and 
fiindamcmtal prinei[)lo. Its eom|;rehcin.''ion is so inq)orle.nt, 
that I think we cannot ])roei*cHl miudi further in thi^ invcisiigii- 
tion of the laws of electricity without a more thorough under- 
standiiig of its nature; how otherwise can we iu>[)4' to caim- 
prehend the harmony and c^vcni unity of action which doubt- 
less govewns ('hictrical exeitenumt by friction, by (dunnical 
means, by heat, hy magnetic iuiUuMice, by evaporation, and 
even by the living l)eing.^ 

1 l()Ik 111 tile loiig'<!ont iiiucd courscMd'c'xpc'riinc'utal inej-iiry 
in which I have heen (ujgaged, (hi.» general n*sii!t has pl•c‘^^s^‘d 
upon me constantly, natntdy, th<^ lU'cessity of adniiiting two 
forces, or two forms or directions of a forc‘e (5 1 :b ol7.). com- 
biiKid with the iiupossihiliiy of .'.(^j)a rating ihc^e two forces (or 
elc'ctriciticsj from each otlun*, c'i.hcT in tlio p.ljaniomena of sta 
tical electricity or those of tlu' curr. nt. In association wiih 
this, the impossihil’t y undvw any circumstsim es, as \c'l .of abso- 
lutely charging maltc'r of any kind wdthcae'or (he oilier (dec; ri- 
city dwedt on my mind, and mach* inc' wisli and srari di tor a 
clearer view than an) liial ! was accjaainled with, of ilie way in 
which cdeetrical powers and the parlad^'s of matler*are licdated ; 
especially in imliictive actions upon whicli alinosl. all others 
appeared to reVt. 

1 l()l. When I discovered the general fatd that electrolyte's 
refused to yield tlu'ir elements to a current whe n in the solid 
state though they gave' them forth fready if in the liepiid con- 
dition (3>(), 391. dO'J.), I theiught I saw an opening to the edu- 
cidalioii ot inductive aertion and the; possihh' subjugation of 
many dissimilar phienome’na to one law. For lot the electro- 
lyte he water, a plate ed ice; being coateel with platiiia foil e^ii its 
two surfaces, and these coatings e^oun^cted with any continued 
source of the two electrical powers, *t he ice will charge like a 
Ley'den arrangeim'nt, ]nesenting a case of connnon induction, 
but nociirrent will [kiss. It the ice bt' liquefied, the induct ion will 
fall to a certain dt'grei', because a current can now pass; l)ut its 
passing is dcpondi ut upon a pccuHur molecular (irrangcmcnt 
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of the particles consisleiil with transler of tlie eh^nieiits of the 
tl;e electrolyte ill ()i)|K)site direct ions, tlu'degret'ordiscluirj^^Mmd 
tile (|iiaiilily el(‘iin‘iits (wob ed heiiij^nwactly proportioned to 
e;i(‘ii>)th(*r ( ewT. 7-' d.). Wln'llier tin; chare^ing ol* tin* metallic 
coaling In' cUcct cd hy a jjoAerlid electrical machine, a strong 
and large vollait* laulcry, or a sir.gle pair orp/lates, malo's no 
dill’ennicc in llie princip!(\ hut. dily in the dcgnn* ot‘ action 
(oOO.). (Onni.on. induction lakes place' in eai‘h cas(Mt’ the 
cleelroljh^ he solid, or il liiiid chemical action and docom|)()si- 
tion ('iisiie, pro-. ided opposing actions do not iiilerlere; and il 
is oi’liigh im])orlance occasionally I Inis to compare circcts in 
I heir f'xlri'mn dicia'cs, lor the purposi' of t'nahling us to 
comprvdieiid (he nature of an aetion in its weak slatt.', which 

may hennly sidlu n'idly evident to us in il!s stronger condition. 
As, lInTc^lort', in the eledrolyte, indnrfinn a[)pean‘d to he 
\]\{\/irsf step, and di'fowjxjs/hon (he scrond {ilu' ])ovver of 
si'parating thesi' st('ps from ea( h other hy gi\ing the solid or 
Iliiid e''iuliliou heing in our haiuU); as the induction was the 
siinu' ill its natui'j* iis (luil through air, glass, wax, ^ce. ])ro- 
dueed hy any of the ( rdimiry means; and as tlu^ whole elleet. 
ill the (‘1(‘( Irolytc a|<pea!’(‘(l to h(' a.n action of llii' particles 
llirow'ii into a [s:cu!iar or polari'/(’d slalcn I was led to suspect 
that eonimoii induel ion ilseli was in all cases an action of 
con/iiyftoffs particles, and th.il electrical action at a distance 
(i. e. ordinary inductive action) ne\er occurred except through 
tln^ internu'diate inlhumce of tin* intervening matter. 

lido. Idu' res[H*el which I enti'ilaiii to\yirds the names of 
M|)inus, (’avendish, ! \)iss.'>n, and other most eniiiicnl men, all 
of whosc^ lh(‘ori(’s 1 l.elievi' consider induction as an action at 
a distance and in straight lines, long in(lisj¥jse<l me to the 
view I hjjve pisl slati'd ; and though J alw-ays watched for op- 
portiutilies to prove the opposite o[)inion, and made such ex*- 
pcrimoiit.^ oceasioually as .seemed to hear directly'on the point, 
as, for instaiusc, the exainiiialioii of eli'ctrolytes, solid and 
lliiid, whil.st ui. der iiiduetioii hy polarized light it is 

only of late, and hydegr<‘cs. that tlu' extreme gimerality of the 
.subject has uiged nu; stil! furilun’ to extend my (experiments 
and puhli.sh my view. At prjvicnt 1 believe ordinary iiidiic- 
lion in all ea.'^a's to he an aetion of eontiguoiis particlo.s, con- 
.si.sling ill a .'species of polari:y, insoxid of being an action of 
either partich's or ma.-'.sesMt simsihhe dislamc's: and if (his he 
true, the distinction and est'ahlislunent of such a truth must 
he of the greati'sl eon.seiiueiiet' to our further progress in the 
investigation of tlie naiuro of c lei h 1(‘ lorcii.s. 'i he liiiki'd eou- 
ditiou of eh'clrieal induction with ehemi(.*al dei'onijiosition ; 
ot voltaic excitement with chemical actitai : the li\'.ns(cr oj 

J \ 
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olonuMits in an elrc‘fr()lyt(‘: ihn orininal caii.sn of nxcileinent 
ill all discs; llnr natiirn and relation of rondurtion and iiihU- 
latif)n; ofllnMlin.'cl and latrral or tiansvi‘rso ai‘tioii (‘Oir,;li- 
tiilinn' ric'ctricit y a.nd inai:^iie(i.sni ; with many other (iiin^s 
more or less ineoni[)relu'nsil>h' at present, would all he alhM'tf'd 
hy il , ami })eiha|)s reeiuve f- full expliealion in their reduetion 
under one ti^emnal law. 

1 l()(). 1 s('arehed for cin unexeepliouahle lest of my vii'w 

not iiKTely in the aeeordance of known faels with it, hut in 
the conseijuenees whii*h would flow IVom it if Iriu'; esja'cially 
in those which would not he (‘onsislent w'ith the ihr-oiy ofae- 
tion at a disf anee. Such a conscMpumct' si'cnu'd to me to ]m*- 
sent itself in the direction in wliich indii(*tiv(' action could he 
exerted. I fin straia:ht lines only , though not jierhajis decisive, 
it would he aj;ainst my view; if in curved limvs also, that would 
he a natural result of the at lioii «)f contii>'uous partich's, hut I 
think uttm-ly incompatihle with action at adistance. asassiinud 
])y the reci'ived theories. whi<‘li ac(‘ordinfj to ( very fact and 
analogy \\c are ac<iuaint<Hl with, is always in straight lines. 

I 1()7, Again, if induction he an aclion ol‘ c(ait igiious pai - 
ticles, and also the first step in tlu' process of eh'ctroly/.a ion 
(lltJl, 919,), tluTc siMMiu'd ri'ason to ('\p('ct si>m<‘ particular 
relation of it to the diflenuit kinds of mat t<'r th, ough w hich it 
would he C'Xertt'd, or something i^piivali nt to a sj;e(*ific e'< c- 
trie induetion for dillenuil bodies. whi<h, if it I'xi.-tc'd, would 
une(juivoeally prove th(» deiieudance ol in(lu( li<»n on the ]),'ir- 
lieles; and though this, in (lu^ theoiN-ol Toissou and ollnus, 
has ut*ver Mipp<»ed to hi' the (‘a>e. I was .soiin Jf'd to 

doubt the reeeix ed <»piuion, and ha ve taken gn at |aiiis in sul)- 
jeetiiig this matter to close evjx-rimenlal iwaminal ion. 

1 ItW. Anollicr ('V(*r ]>resent ijui'sl ion on m\ mind:Jias Ix'mi 
whether (‘lectrieity has an ai tual and indepeiuhnil existent e 
as a fluid orflifds, or was a imno power of matter, like what 
we conceive of the attraction of gravitation. If det<*rmined 
either way it would Ix' .ni ('uormous advance in our knowledges 
and as having tin? most dux'et and iiifliunitial bewaring on in y 
notions, 1 ha\t* always souglit for <‘\periments >vhiel» would in 
any w^'ay tend to ('lucidate that great (jiu'stion. It was in at- 
tempts to proven lh<» existe nee ol (deetricity separate from mat- 
ter, hy giving an indepemhml charge of either })ositive or lu'- 
gative power to some suhstance, and the utter failure' of all 
such attennps, whatever substance was use?d or whateve'r 
means of exciting e>r crolrhfg electricity were employed, that 
first drove m<^ to look upon induetion as an action of the par- 
ticles of matter, each ha\ ing hot/i lorees de'veloped in it in ex- 
actly <'C]ual ameaint. It is this cireumstanei',* in connexion 
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\villi ()tlirrs, which iniikcs me ch'siroiis of placing the remarks 
oil ahsohito charge first, in the order ol' prool’ and argument, 
wldch 1 am about to adduce in favour of my view, tlial elec- 
tric ‘hiduclioii is ail action of the contiguous particles of the 
insulating medium or di df clnc. 

1 ( ii. Oh fli(UifjsnlHf(ui/i(rr^i. ofHmllLr, 

llOlb (*aii matter, either conducting or noii-conducting, 
he charged with one eh'ctric force independently ot the other 
in the least degree, either in a sensible or latent state i 

1170. '.riie beautilul expi'iiinenls of (.'oulonib upon the 
e(|ualit\ of action comlucior^i, whatever their substance, and 
the residence of c/// the electricity upon^llunr surfaces,* are 
sullicieiit, if properly viewed, to prove that vomhfrtorfi vhhhoI 
he liOililji chnr^vd; and as yd no means of eommuiiicating 
electricity to a conductor so as to r(ila!(' its particli‘s to one 
electricity, and not at. the saiiu' lime to the ollu‘r in exactly 
ecjual amount, has hiicii diseoverccl. 

1171. With regard to electric or non-conductors, the con- 

(‘lusioii docs mil ai first svvm so ch'ar, I hey may easily he 
eler*trifii‘d l)()dil\ , either by communication ( 1:^47. j or excite- 
ment ; but being so charged, e\erN case in succession, when 
examineil, came out to be a ease of induction, and not ol ab- 
solute ('harg(\ Thus, gl.iss within (onduetors could easily 
have parts not in contact With the conduetor brought into an 
excited static ; hut it was always found that a portion ot tlie 
iniuT surface of tlu' conductor was in an opjfosite and equiva- 
hmt static, or that aiiotlicr part of the glass ilselt was in an 
equally opposite slate, an inductire charge and not an ahsoliflc 
charge having' heeii aiMpiired. * 

117^.» W (‘If purified oil of turpentine, which T find to he 
an excellent liijuid insulator for most purposixs, w as put into 
a metallic vi'sscKand being insulated, was charged, s(;imdimes 
by contact of llu’ metal with the electrical maclnn(\, and at 
o(h(‘rs by a win; di[ ping into the Iluid within ; hut whatevm- 
the mode of communication, no electricity of one hind w^as 
taim d by the arrarigmiieiil, except what appean'dontheex- 
lermr surface of tluMiietal, that portion being thiTC only by 
an inductive action through the air around. \\ hen the oil ol 
turpentine was confined in glass vessels, there wt‘re at first 
some appearances as if the l(iiid did receive an absolute' charge 
ofeh'cqimcityfrcmi the (•barging wire, but lhe.se were quickly 
reduced to ciises of common induction joinlly tbrough iIuj 
fluid, the glass, and tlie surrounding air. 

* Mi moires (Icl'AcadeniJe, 1 786, pp. r>7, 60,7V»i 17H7. p. 45^ 
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1173. I carried ihos(^ experiments on with air to a ve ry 
great cxltmt. I had a chainher built, l)eing a cube of twelve 
i'eet in the side. j\ sliglit cid)i( al wooden IVaino was conslnicted, 
and coppr’r wire pass(;d along and across it in various tiirec- 
lions, so as to make llie sidi's a hirge net-work^ and then all 
was coveri'd in wilh papen* placed in close connexion with 
the wir«\s, and siii)pli<:' I in t^very direction with bands of tin- 
foil, that the whole might bo bronglil into good metallic com- 
munication, and render'd a free, (conductor in every part. This 
chamber w^as insulated in the leeture-room of the Royal In- 
stitulion ; a glass tube about six feel in h ngth was p;issed 
through its side, leaving al)Out. four feet within and two fei't 
on the outsi(h‘, and through this a wire passed from the large* 
ehictrieal machiiK! (?JdO) to the air within. Hy working the 
jiiMchiiie, the air within this (*.hamber could be; brouglit into 
what is considered a highly electrified stale (bt;ing, in tael, tli«; 
same state as that of the air of a room in wliich a ] ow-.*r!ul 
machine is in operationj and at the saim; time tin; outside ol 
the insulated cuht; was cverywln'n* strongly charg(*d. Ihit 
putting the chamber in communication with the [X'rfect dis- 
charging train doscrihed in a former series ( and w^ork- 

ing the machine so as to bring the air within to its utmost de- 
gree of charge, it‘ 1 (piickly cut oir the comn'xion with the 
ma<!hine, and (st the same n\om(*nt or instantly at‘t(*r insulatc'tl 
the cube, the air within had not tin; li*a^^i pi>\ver to communi- 
cate a furth(*r cluirge to it. if aiiy p-.u^tion of the air was 
electrified, as glass o: other in. uailia’S may l)r charged (1171), 
it was accomiianied l)y a <!orn;s|}Oiniing c;pp' sift* action n ithin 
tin; cube, the w hob; ('ITh.ct being niereU a cast; of induelion. 
Every atti'inpt to eliargi; air bodily and independently with 
tin; least portion ot‘ either eleetrieily fail(*d. t 

1174. I pul a (h'lnate gold-leaf elect ronn;ter witlini the 
cube, and thSn charged tha^whole by an o/z/.v/V/ccommunication, 
^ery strongly, lor sometime together; hut m*ilher during tlie 
charge or ait* !* the discharge did the electrometer or air within 
show the least sign of electricity. I charged and discharged 
the whole arrangenn'iit in various ways, but in no case could 
1 obtain the least indication of ail absolute cliargi; ; or of one 
by induction in which the electricity ofone kind had the small- 
est superiority in cpiantily over the other. I went into the 
cube and lived in it, and using li^lfted candles, electrometers, 
and all ollu'r tests <>f electri(;al states, I could not find the least 
influence upon tlnin, or indication of anything particular 
given by them, though all the time tin* (uitside of the cube 
was powerfully (charged, and large .vparks and blushes wiTc 
darting off from every part of its outir surface * dhe conclu- 
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sioii I have* come to is, (hui !ioii-con(luc‘lor.s, as woll as con- 
(Uictors, have never ye.t had an absolute ami iiidi^pemlenleluvrgc 
ol ojie electricity eoniijiuiiieated to them, and that to q,!! ap- 
pi‘tii;ance such a state of matter is impossible. 

1 175. 'J'here is another vi(‘W of tins (jiiestion which may bo 
taken under the supposition of the exastence of an electric 
Iluid or fluids. It may be imposiiible to hav<^ the one fluid or 
stale ill a free condition without its producing by induction the 
ollun-, and yet possible to fiave cases in which an insulated por- 
tion of matter in one condition being uncharged, shall, by a 
change of state, evolve oik' electricity or the other : iind though 
such evolved electriiaty might immediately induce the oppo- 
site state in its neighbourhood, yet the mere evolution of one 
electricity without the other in []n\ /irsl^i7ts/a?fcc^ would be a 
very important fact in the llumry which assuiues a fluid or 
fluids; these* theories as I umh‘rstaml them assigning not the 
slightest reason why such an ellect should not occur. 

1 17(). But on searching for such cases I cannot find one. 
Involution hy friction, us is w(*ll known, giv(*s both powers in 
e(|ual proportion. So do(*s evolution liy chemical action, not- 
withstanding tln.^ great diversity of bodies which maybe em- 
ployed, and the enormous (luanlity of electricity which can in 
this manner be evolved (d/1. 1170. SOI. 808.). The more 
jiromising cases of changi* of stale, whether by evaporation, 
fusion, or the reverse processes, still give both forms of the 
power in proportion; and the cases ors|)litting of mica 
and other crystals, the breaking of sulphm^ icc.,arc sub- 
ject to the same limitation. 

1 1 77. As i'ar as e\pc*rimoiit has proceeded, it appears, there- 
fore, impossible either to evolve or make disappear one elec- 
tric force ivithoiit (‘([ual and corresponding change in llie 
otha\ It is also equally impos.sible experimentally to charge 
a portion of matter with one electric force independently of 
the other, (’barge always implies indnclityn, for it can in no 
instance he ellected without ; and also the presence of the ftro 
forms of power, e(|uully at the moment of development and 
afterwards. There is no absolute charge of matter with one 
fluid; no latency of a single electricity. This though a nega- 
tively result is ail exceedingly important one, being probably 
the cons(iquence of a natural impossibility, wliicli will become 
clear to us when wo understand the true condition and theory 
of the electric power. 

1178. Tlie. preceding considerations already point to the 

following conclusions : bodies cannot be charged absolutely, 
but only negatively, and by a principle wbi<*h is ihe same with 
that oii)iflm:tli)n. All is sustained by iiidiu'tioii, All 
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pluciiomenaof /V^/rz/.s/O/ iiu;liide llu* principle of induction. All 
excitatiuft is dc^pendcnt on or directly related to induction. All 
curreuts involvt' previous intensity and therefore pre\ious in- 
duction. I NDi'c’TJOX appears to he the essential function holh 
iji llie first d(!veloi)inent and tlu' conserpicnt pluenonu’na of 
electricity. 

•j iii. Elect roun^t or attd indticlfrc npiiaralus cjuploycd, 

» 

I 17y, Leavinjr for a lime tlui further considmation of tlui 
preceding facts until they (‘an he collated \villi other r(\sults 
b(*aring directly on tlie grt^at (juestiem of tin? natun^ c'f induc- 
tion, I will !iow descrilx' the apparatus I liave luid occasion 
to use; and in |)roporlion to tlu' importance of tlie principles 
sought to 1)0 estahiisht'(l is tlu' necessity of doing this so ch'arly 
as to l<'av(i no douht of the results htdiind. 

J IMU. Elvclroincltr. I'hc measuring insli unu'nl I liavccm- 
pl(»y('d has IxMUi llic torsion balanct* ele(‘trometiT of t’oulomb, 
constructed, generally, according to his instriU‘t ions, ^ but with 
certain variations and additions, wliich I will brietly describ(\ 
"rile lovvm* part was a glass cylimh?r ('ight inch(»s in height and 
(Ught inches in diaineUu* ; the luhe for the torsion thread 
was sev(*nt<'(Mi inches in length. '1 In* torsion tliread itself was 
not of metal, hut glass, according to tin* cxcclhmt suggtistion 
of the late Dr. I^itcliie.t It was Iweuly inches in length, and 
of such tenuity that when the shell lac lever and attached hall, 
&c. were connected w it h it, thc> made about ton vihratioiis in 
a minute, it woul.d bear torsion ihroifgh four r<*volutioiis, or 
1110', and \et wlum released, return accurahd) to its j)o- 
sitioii ; prohahly it would have borne coiisiderahly more than 
this without injury. 'I he repelltal hall was of pith, gilt, and 
was O'd ol an inch in diainetcn*. 'I'he horiy.(^ntal sieni or lever 
sujiporting it w as ol .'^hell lac, aircording to C’onlomh’s (linm- 
lion, llu' arm ^.7iiTying the hall being Vi* I inches long and the 
other only l U inclu's ; to this w as attached the vane, also de- 
scribed by (\)iiloml), wliich I found to answer admirably its 
purpose of (juickly d(\stroying vibrations. 1'hal the inductive 
action within the electrometer might he uniform in all posi- 
tions of the repelh'd liall and in all slates of the apparatus, 
two bands of tin foil, about an inch wide each, w^erc attached 
to the inner siirtact^ ol the glass cylindiu’, going entirely round 
it at a distance ofO -l of an inch from each other, and cit 
such a height that the intermediatc^ clear surface was in the 
same horizontal plaiiO with the lever and ball. • 'J'hese bands 

* Mriiioires lie rAcademic'- 17S.^, p. 570, 

+ riiil. Trans., 1830. 
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couiK'ctrd willi I'arli other find with the oartli, and, being 
perlhct r()iiiliu*lor5i, always excrled a uiiirorni iiilluonce on Uk; 
i‘leclrifi(id halls within, which the glass surlace, IVom its irre- 
gularity of condition at dilfcrcnt times, I round, not, 
i''or the purpose ol'keoping the air withiji the electrometer in 
a constant state as to dryness, a glass dish, of such size as to 
('Titer easily within the cylinder, ^lad a layer of fused potash 
jilaer'd williin it,and this lieing covered with a disc of line 
wire gauze toreiuh r its inductive action uniform at all parts, 
was placml within the inslniineiil at the bottom and left theie. 

1 1 s 1 . The movc'able ball used to take find measure the por- 
tion of eh'cliieily under examination, and which may be called'* 
tin* rc/yc/Z/z/o, or the carrier, liall, was of soft alder wood, well 
and smoothly giil. It was attached to line shell lac st(‘m, 
and iniioduc('d through a hole into the (dectromeler accord- 
ing In ( '(.uli'iiiih's nil din(l : llu* stem was fixed at its up])tM* end 
in a block or vici*, .supported on three short feet : and on the 
sur'ac(‘ of ihe glass c(A’er ai»o\<* was a plate of lead with slops 
on it. so that when the carrier hall was adjusted in its right 
positiui. wilh th(' \ici' above iK'aring at thesaiiu* linn* against 
these' slops, it was peifei'tly t'asy to bring away the carrier 
hall and restore it to its p-lacc again vei-y accurately, without 
ail} loss of lime. 

11S2. It is(|uite iK'cessary to attend to certain precautions 
rt'spcciiiig llu'se halls. If of pith alone they are had; for 
wlien \erv dry, tliat substance is so inipi'rh't'l a. eonduclor 
that it neither recei\ cs n(*r gives a charg«* frcc*!}^ and so, alter 
contact with a chargi'd conductor, isliahh*!o ho in an uncer- 
tain condition. Again, it is dilllcult to turn pith so smoothly 
as to leave the ball, even when gilt, sutlicieiilly free from irre- 
gularities #f form, as to njtain its clmrgi^undimiiiished for 
a considerable length of time. W Inni theri'fon^ the balls 
are finally prepaivd and gilt they should lie examined, and 
Ix'iiig (.'h;{*trified, unless they caii liold their cirarge with very 
little diminution for a coiTsiderahle time, and yefbe discharged 
instantly and perfectly by the touch of an uninsulated con- 
ductor, they should he dismissed. 

1 183. It is, perhaps, unnecessary to refer to the graduation 
of the instruiueiit, further than to explain how the obsm vatioiis 
were made. On a circle or ring of paper on tlie outside of 
the glass cylinder, fixed so as to cover the internal low^er 
ring of tin foil, w'ere markiyil four points corresponding to an- 
gles of 90®; four other points exactly corresponding to tlie.se 
points being markcnl on the upper ring of tin foil within, lly 
tluise and the adjusted screws, on which the whole instrument 
stands, the.glass torsion thread could be brought accurately 
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into the centre of llio irislrunient und of the grailuatioius on 
it. hVoni one of th(‘ four points on tJie exterior of the cylin- 
der a gnuhiation of I 0" was set off, and a correspondiniy ^ra- 
duatioi* was placed upon the upper tin foil on the opposite 
side of the cylinder within; and a dot bt'ing inark(‘d on that 
point of the surface of the rt‘[)elled liall nean'sl to the side of 
the el('ctroinoler, it was easy by ohservint^ the line which this 
dot made wdlh tlie lines of the two graduations just referred 
to, to ascertain accurately the position of the hall. The upptn* 
end of tlie glass thread w as attached, as in Coulomb’s original 
electrometer, to an iiuh^x, which had its appropriate graduat(;d 
‘ circle, ujioii whicli the degree of torsion was ultimat(dy to be 
read olK 

1 ls4. After the levelling of the inslrunieril and adjuslrneiit 
of the glass thread, the blocks which determine the })Uice of 
tln^ ntrricr hall are to heregulate<l (llKl) so that, wdu'ii tlie 
carricM* arrangement is [daced against them, the ccnitni of I he 
hall may ho in the radius of the instrument corresjionding to 
0° on the lower graduation or tliat on the side of the electro- 
meter, and at tlu^ saints level and distance from the cent re as 
the repelled hall o\\ the Misp'eiuUcl torsion lever. Then the 
torsion index is to ho turned until the liall connected with it 
(the repelled hallj is accurately a! oO , and linally the gra- 
duati'd ari!h helonging to the tor.^ion iiulex is to lie adjusted so 
as to bring 0 upon it to the index. '1 his stale of the instru- 
ment wasadojiled as t hat which gave the most direct expres- 
sion of the exp<*rim( ntal n*suli.>, and in the form having few- 
est.vaiiahle. <U’rors, the angular distance of :>() being alwajs 
ndained as the standard dist^imu) to which the halls wane in 
iwa.'ry (^ase to he brought, and the wlioh* of the torsion being 
read olV atonet^ on the graduated circle above. Under these 
cir(!umstane(\s the distance of the halls Irom each other- was 
not merely the same in degree, but tiudr jiosition in the in- 
strument, and in relation to every part of itjWfis actually the 
same every time that a measurement was made ; so that all 
irregularities arising from slight dillereiK^e of form and act ion 
in the instrument and the bodies around were a\oided. The 
only difference wdiieh couhl occur in the position of anything 
within, consisted in thedetlexion of tlie torsion thread from a 
vertical position, more or less, acconling to the force of re- 
pulsion of the balls ; hut this was so flight as to cause no in- 
terfering difference in the symmetry of fca-iu within the in- 
strument, and gave no error in the amount of torsion force 
iiidicatetl on the graduation above. 

1 IS.'x Although the constant angular distance of ;>()' be- 
tween the centres ol the halls was adopted, and found abun- 
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(lantly si nsiidi', idr all ordinary piirposrs^ yot the facility of 
rciidrrini;- l’ii{‘ instniiiiciit far iMort^ sensible, by diminishing 
tiiis dislancc was at jan-l’cci cominaiul ;lhc results at dillerout 
dislaiices being very easily comj)ared with each eilbt'r 

by oNpevimriil, or, as tlniy are inversely as the scjiiares of the 
di.stan((‘.s, by ei'ilculation. 

list). 'The (aiuloinb l)al;m( elect romeler requires expe- 
rience lo 1)0 uinb'r.slood ; b.ut I think it a very valuable instru- 
ment in t!n^ bands of those wlio will takepainsby practice and 
attention to learn the pnica.utions needful in its use. Its insu- 
lating eondiiion vari«'.'; willi eireunislaiua's, and should be cx- 
ainimnl befor*^ it, is (Miiplcjyed in experinamts. In an ordinary 
and fair eonditioii, when tiu' balls were; soclecdriliedas to give 
a repulsive torsion Ibia e <)r-lt)()'’at (hesl«nidard distance of d0“ 
it look nearly lour hours, to sink lo .nO' at the .^anie distance ; 
tlu' avt'nigi' los.s IVoea 100 to dIHK I)cing at the rale of 2 *7 
|'.(n* iniimtr, from dOO lo 20 > of 1 • 7 per minute, from 2^)0" 
lo ICO (jf 1 *15 per minute, and fiom lOO to <^0"of 0 ‘o7 t)eiv 
mimile. As n con:ple((‘ uunisiirenient jiy tin' inslniment may 
Im^ made in miieli ie.'^s than a minute', the amount of loss in 
that time is ]»iit small, and tan (‘usily be taken into account. 

1 1 77/e induciu'v. apjiarntUH , — My object was toexamine 

iudiielivc action carefully when taking phue through dillerent 
un'dia, lor which |)er’;'()se it \vas nece>sary to suhj(n:l these 
media to il. in exactly Minilar ciri'uiiis.ances, and In .vU('h(|uan- 
(ities as tdraild su(iic(.‘ to eliininaie any \arialiuns (la'y might 
l)re.sent. d he re<|ui:dl('s of the apparatus to he coiistrueted 
were, tln'refore, that tin' indue! iiig hUiiae?\s of llu^ conduelors 
slioulil iune a coiistaiil form ami hlale, and l>e at a eonstant 
distance from ('ach ollnn* .; ami that (Ulher solids, or Iluids, or 
ga.ses^ini<?ht he ])hiced and retained between these surfaces 
wirti nvadine.ss and eevlainty, and fm* any length of linm. 

llS'^. The apparatus us'cd may he descyhed in general 
terms as consisting of two metallic spJier(\s of unecjual diame- 
t(ir, placed, the smaller witiini the larger, and concentric with 
it; the interval between the two being the space through 
which the induction was lo take place. A section of it is 
given dig. I, Tlate (.) a, a, are (he two halves of a 
Inuss sphere, with an air-tight joint at />, like that of tin; 
Magdeburg hemispheres, made perfectly flush and smooth 
inside so as to prese^^it no irregularity; c is a connecting 
pi(^cc by which the apparatus is joined to a good stop-cock 
d, which is ijlself attached citlni* to the nietallii- foot c, or to 
an air pump. I'lie ap(*rlure williin ihehemisplu'ie at /'is very 
small ; g is a brass collar lilted to the upper luuuisphere, 
through which the shell lac sut)i)ort \A the inner hall and its 
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stein passes; h is tin' inner liall, also oflirass; it serews on to 
a brass stem /, tenniiial<Ml abov(» by a brass ball 1 >; /, / is a 
mass of shell lac^ moulded carefiilly on to /, and serving both 
to sup^>fc>^l and insulate it and iis balls //, li. The slndl-lac 
stem I is lit ted into the so(*ket by a little ordinary resinous 
cement, more fusible than shell lac, applied at ni m in such a 
way as to give suflicient strength and render tin* a[>paratus 
air-tight there, yet leave as much as possible of the lower 
part of thc^ shell-lae stem untouched, as an insuiation between 
the ball h and the surroimding sph(4‘c n, a. d’he ball h has 
a small aperture at n ^ so lliat when the apparatus is exhausted 
of one gas and filled witli another, the hall k may itself also 
be exhausted and filh'd, that no variation of tlie gas in the 
interval o may occur during the course of an ('xpcM'imcnt. 

1 1 h;). The inner hall has a diameter of 2 .. >3 inches, and tlie 
surroimdingsphere an internal diameter of 3.o7 inches. I leiiee 
the width of the intervening space, tlirougli which the induction 
is lo take place, is of an inch : and tln^ exti'iit of this place 
or [jlate, i.c'. the surfaci' of a medium sphere, may betaken as 
tvv('nty-sev(Mi scpian; inches, a (juantity eonsidcMed as suHi- 
<*ienlly large for the comparison of dilfertmt substances. 
(Ireat care was taken in finishing \\(*11 the iiuhieing surfaces 
of the hall // and sjihore </, ; and no varnisli or laccjuer was 

ajiplied to them or to any part of the metal of the apjiaratus. 

1 b,) 0 . 'File attachnu'iit ami adjust nuMit of the shell-lac stem 
was a matter re(|iuring consick'rable viwr, especially as, in con- 
seiiuenee of its cracking, it bad freijutmtly to be nmewed. 
'Tlie best lac was Ohosru and applied to the wire /, so as to 
be in good contact with it everywhere, and in perfect conti- 
nuity througliout its own mass. It was not thinner than is 
given by proptu*tion in the drawing, for w lnm less itifrefjueiitly 
cracked within a few hours atUu* its cooling. I think >Iiat 
very slow cooling or amn*aliiig imjiroved its (|ufllity in this 
respect. 'J'he collar g was made as thin as could he, that tlie 
lac might he as large there as possible!. In order that at (!very 
re-attaehinent of llu' stem to tlu‘ upper lumiisphere the hall // 
might have the same redial ive position, a gauge jf (fig. 2) was 
made of wood, and tliis being applied to the hall and hemi- 
sphere whilst the ci^imuit at ?n was still soft, the bearings of 
the ball at 7 7 , and the* hemispliero at, r r, were forc(.‘d home, 
and the whole left until cold. Iduis all dilliculty in the ad- 
justment of the hall in the .>phere was avoided. 

1191. I had occasion at first to attach the. stem to the 
socket by other means, as a hand of paper or a plugging of 
white silk thread; hut these w ere very inferior to the cement, 
interfering much with the insulating power of the apparatus. 
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1 The rotrntivc power of lliis apparatus was, when in 
good eoiulilion, better lhaii lliat of the ehu^trometer ( 1 Isi*)), 
i. e. the proporlioii of loss of powc*r was loss. 'Jdui.s n tin* 
apparatus was elool rifled, and also the balls in tlj^e^dootro- 
meter, to siu h a ilegree, that after the inner ball liad been in 
contact with the top of /»’ of the ball of the apparatus, it 
caused a n'j)iilsion iiidical(‘d by fiOO' of torsion fore*', then in 
falling from (lOO^ to dfO the average loss was 8'.() per niinute ; 
from ifO to 0 the averages loss was 2\G per minute; from 
.SO(f‘ to 20(V it was I \7 per minute; from 2(3()‘ to 170“ it was 
I ' \){'Y minute, d'his was after the apparatus liad been charged 
for a short time ; at tiie first instant of charging there is an 
apparent Joss of electri(‘ity, which can only he eomjuelnmded 
hereafter ( I '^07. 1250.). 

1 lOd. AVhen the apparatus loses its insulating power sud- 
denly, it is almost always from a crack near to or within tln3 
brass socket. d'hese cracks are usually transversi* to the 
stem. If tlioy occur at the part atlacln^d l>y (‘ommon cmneiit 
to the soi ket, the air cannot enter, and hiung tlu*n as a vacua, 
th(»y conduct away the elec trii ity and lower thi' charge, as 
fast almost as if a jiieee of metal had been introduced then'. 
Occasionally stems in this state, being taken out and cleaned 
from tin? common lamumt, may. by the careful application of 
the heal of a spirit lam[), bo so far softmu'd and nudted as to 
nuunv perfect continuity of the parts; but if tluit docs not 
succeed in ri^storing things to a good condition, the remedy 
i& a new shell-lac. stem. ^ 

1101. riie apparatus when in order could easily he ex- 
hausted of air and lllli^d with any given gas; hut when that 
gas w as acid or alkaline, it could not propvrly he removed by 
the ai\;-puflip, and jet rc(|iiired to bo piufectly (^h'ared away. 
In ^uch cases tlu' apjiaratus was opimed and clt^ared: and 
with respect to the iniuT hall //, it was washed out two or 
three times with distilled watm- intrcKlueed at ijui screw' hole, 
and then being I.oated above 212“, air was blown through to 
render the inttu’ior perfectly diy. 

I 195. The inductive apparatus descrilx'd is evidently a 
la^yden phial, with (he advantage, liowever, of having the di- 
electric or insulating im'dium changed at ph'asui e. "riie balls 
// and B, with the connec ting wore /, constitute tln^ charged 
conductor, upon (he siM’facc of which all the electric force is 
residemt by virtue of induction (117^). Now though the 
largest portion o(‘ this induction is hetwecui the hall // and the 
sniToundiiig splic're a a, yet the wire / and the hall 1^ d(‘t er- 
mine a part of the induction from (heir surface's towaids (he 
external sifiTOunding conductors. Still, as all things in tlial 
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vospi^ct romaiii thn saiiio, whil.-t ilit? inciliiini within at on innj 
1)0 variod, any chani;('.s oxhihiktl by the wholo apparatus will 
in suoh oases dopond upon t’ho variations math' in tlio iiil('ricr ; 
and it wVs thesi' ctiani^<'s 5 was in soaroh ot^ the iK'i'^Uion or 
esiablishinont of siu h (liia'nnioos Ixnnt;; tin* /.»;r(Nai objooj of my 
iiujuiry. I ( onsidc'nid tlial tlu'so diihnanna's, if Iht'y t'\isl(’d, 
Wf'ukl 1)0 mo .^1 diht ifio.l 1 } scM tortli by IniMno; two a[)|}ai’situs oi 
tho kind (lo.-oriixHl^ ];rooisoIy .similar in (‘vory rixs|K'ot ; ami 
thon, (brU'vi-ii! insiilal nio<lia ])oin<^^ witliin, to rUiiVirr. onr. 
and nn aMivo it. and alien* ilividiUL;* tlio dmr^jo With lln^ ;'»t!i('r, 
to ohsoivo what, thouldnialo tondilions of beaii werex M' in- 
sulating moiliii resally had any .spen-ifio dillorenna's in lri\e)i:iing 
or of)i)osi])g indiictivo action through thoin, ? noh (!i«'i n no; s, 
1 concoivod, could iioV fail of bciiig do\ eloped by such apro- 
<*o.ss. 

I ! wdl wind up this description of llie^ Jipparatus, anel 

('xplain the jnee aul ions iiocossary in Iheir use, by des(*ril>iiig 
tlui form and orden* of tlie expen-iments nuuk^ to j)rove their 
i'(|ualily w!\cn both (‘ontained common air. In ordm* to fa- 
cilitate re'fen-onco [ will distingi*.i: b the two by tho te.rms Apj>. 
i. and App. ii. 

1 107. The eleclrv)m(‘t(-r is fir: ! to he adjusted and e'xamineVvl 
and the app. i. aiul ii. are to be perfccllv di.:;e‘har';eaL 
A l^eyehm phial i.s to be charge'd to such a degrees tliat it we>uld 
giv (‘ ii sp:»rk e)f abeait one sixteemlli or one' twi'iit ii'l h of an ine-b 
in h'liglh In'twe eii two l>all.% of half an inch diame'te r ; iind iher 
<*arrier ball of the eT ctromet ev^* Ix'ing t;liarg(‘d i>y tliis pbia!, is 
to be Introduced into the e!e(*tromeler, ami the: le'xer ball 
brought by thi' me)ilc;n e)l‘ the' torsion inde'.c against it; thei 
charge' is thus divivh'd between the balls, and repulsion e nsues. 
It is iiM'iiil tin'll te) bring* the rege'ih'el hall trj the' slflndard dis- 
tance of dO' hy tin' {);e)lion of the torsion bidex, and obstTve? 
Ilm force in de.i^Tce s re^quire el for tliis j)m*j;o.'.e: this force will 
in future expe\;im(*iits ku' cidl. e.l rvj*t(lsiou <*/' fhr hath. 

1 lOK. ( bi(' of the inductive ap]>aratus, as for instance, ajip. 
i., is now to he* chaig<*d from the kcyxlen phial, the*, latter 
be ing* \n the state it was in whe'ii use'd to chroge; the balls; 
(In' earrn r ball is to be brought into eeaitact willi tlio top of 
its uppen* ball (/r. fig. 1), then iiitroeluce'd into ihe* edectrojne- 
ter, and th.e re'juil. ive loree(atlhe distanee ejf d()‘ j ineasurexl. 
Again, the e*cinie'r sliould be applienUto llie app. i. and the 
ineaMinMiient rep<x;ted; llie apparatus i. and ii. are them to he 
ioined, so as te^ (hrtdi* the ch.-rgn, ami al’ie'rwards th.e force of 
oa» h me'a.sure'd l>y tin* eairier hrdl, apjjlied a.s hefore, and lljii 
results care'fidly noted. Aflen* this both i. and ii. are to he 
dise hargcd ; the n aj)p. ii. e harged, niea.air(.d^ dirieh d wilh 
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app. i., and the force of each a^airi ineasunMl and not(‘(l. ][' 
in each case the half charges of app. i. and ii. are e(pial, and 
are together equal to the whole cluirgc before division ,^eii il 
may he considered as proved that the two apparatus^^^^ pae- 
( isely equal in |)ower, and fit to l)eusedin cases of coini)arison 
belween dillerent insulating nietlia or didvctrics. 

IIO'J. But the />/*Cfy/ neceissary to obtain accurate re- 
sults are nunierous. I'lii? apparatus i. and ii. must always be 
placed on a thoroughly uninsulating medium. A mahogany 
table, for instance, is iar from satisfactory in this n'spect, and 
thcrefon^ a sln^et of tin ioil, coniu.'cled with an extensive dis- 
charging train is what 1 have us(‘d. 'J’liey must lu^so 

placed also as not to be too near each other, and yet e(|iially 
exposed to the induct ivi; influence of surrminding o!)j('cls ; and 
these objects, again, should not b»e disturbed in tluur |)osition 
during an experiment, or else variations of induclion upon 
the externa! hall B of the a]iparcilus may occur, and so errors 
he introduced ink) the results. The carrier hall, when re- 
ceiving its j)ortion of electricity from the apparatus, should 
always be applic'd at ilu! sann^. pari of (he hall as, for instance, 
tlu 5 summit and always in the same way; varia]>le induction 
from the vicinity of llu' luuul, hands, &,c. being avoided, and 
the hall after contact being withdrawn upwanls in a regular 
and constant manner. 

1200. As the stem had occasionally to he chaugt'd (llOO.), 
and the change might occasion slight variations in the position 
of the hall within, I made such a variation^purposely, to the 
amount of an eighth of an inch (which is lar more than ever 
could occur in pra(^tice), hut did not find that it sensibly allt;red 
the relation of the aj)paratus, or its inductivp condition as a 
irholc. ^ Anfdher trial of the apparatus wuis made as to the 
effcct^of dampness in tlui air, one being filled with very dry 
air, and the other wilh air from over water. •'J'lioiigh tliis 
produced no change in the result, except an occasional It nd- 
eiicy to more rapid dissipation, yet the precaution was always 
taken when working wilh gases (I21K).) to dry them per- 
fectly. 

1201 . It is essential that the interior of the apparatus should 
he per/dtlij free from dust or small loose particles, for these 
very rapidly lower the charge and interfen^ on occasions wln n 
tlieir presence and action would hardly he expected. 'J o 
breathe on the interior of tlw apparatus and wipe it out rjui('tly 
with a (;lean silk handkerchief, is an elFectual way of la nioviiig 
them; hut then the intrusion of otlier particles sliould he enre- 
fully guarded against, and a dusty atmosphe.re should for this 
and several other reasons he avoided. 
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1202. 'I'hfi shell lac stem requires occasionally to he well 
wiped, to remove, in the lirst instance, the film of wax and 
adhen’Jif' matter which is upon it ; and afterwards to displace 
dirt an«%lust which will gradually attach to it in the coursci 
of experiments. I have found much to depend upon this 
precaution, and a silk handkerchief is the best wiper. 

1203. Hut wiping and eome other cinmmstances tend to 
give a charge to the surface of the shell lac stem. 'I'his should 
be remove*!, for, if allowed to remain, it very seriously allects 
the degiet? of charge given to the carrier ball by the apparatus 
(1232). This condition of the stem is best ooserve^d by dis- 
charging the a{)[iaratus, applying the carrier ball to the stem, 
touching it with the linger, insulating and nmioving it, and 
cxaniiiiiiig wlnUhcr ii has re,;civeil any charge (l>y iiifhictionj 
from th(! stem; if it has, the stem itself is in a charged state. 
The best method of removing the charge I have found to be, 
to covi'r tlie finger with a single fold of a silk handkerchief, 
and breathing on the stem, to wipe it immediately after with 
the finger, the ball Ii and its connected wire, &c. being at the 
same lime iminsnhited: the wiping place *)f the silk must not 
be changed; it then becomes sulllcicutly damp not to excite 
the stem, and is yet dry enough to leave it in a clean and ex- 
cellent insulating condition. If the air be dusty, it will be 
found that a singh; charge of the apparatus will bring on an 
electric state of the outside; of the stem, in consequence of tin; 
carrying pcw'cr of the panicles of dust; whereas in the morn- 
ing, and in a roovi which has b«;en left (j\iiel, sevt'ial exp('ri- 
ments can be made in succession without tin; stem assuming 
the h;ast degree of charge. 

1201. ICxporiivents should not be made by candle or lamp 
light except with much care, for llamcs have gO;at and yet 
unsteady powers of alTeeting and dissipating (decirieal ehclrgos. 

1205. As a-final observation on the state of the apparatus, 
they should retain their charge well and unifennly, and alike 
for both, and at the same lime allow of a perfect and ijistant- 
aneous discharge, giving them no charge to the carrier ball, 
whatever part of the ball 11 it may bo applied to fl218.). 

1206. With respect to the balance electrometer all the pre- 
cautions that need he mentioned, are, that the carrier ball is 
to he preserved during the first part of an experiment in its 
electrified state, tin; loss of electricity which woubl Ibllow upon 
its discharge being avoided ; and, 'that in introducing it into 
the electrometer through the hole in the^lass plate above, 
care should he taken that it do not touch, or oven come near 
to, the edge of the glass. 
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1207. When the whole charge in one apparatus is divided 
between the two, the gradual fall, apparently from dissipation, 
ill the apparatus which has receioed the hatf charge is t^ater 
than in the one originally charged. This is due to i<*p^ulisr 
eifect to be described hereafter (1250. 1251.), the interfering 
influence of which may be avoided to a great extent by going 
through the steps of the process regularly and quickly ; there- 
fore, after the original charge has been measured, in app. i. 
for instance, i. and ii. arc to be symmetrically joined by their 
balls B, the carrier touching one of these balls at the same 
time ; it is first to be removed, and then the apparatus sepa- 
rated from each other ; app. ii. is next quickly to be measured 
by the carrier, then app. i.; lastly, ii. is to be discharged, and 
the discharged carrier applied to it to ascertain whether any 
residual effect is present (1205.), and app. i. being discharged 
is also to be examined in the same manner and for the same 
purpose. 

1208. The following is an example of the division of a 
charge by the two apparatus, air being the dielectric in both 
of them. The observations are set down one under the other 
in the order in which they were taken, the left hand numbers 
representing the observations made on app. i. and the right • 
hand numbers those on app. ii. App. i. is that which was 
originally charged, and after two measurements, the charge 
was divided with app. ii. 


App. i. 

Balls KiO" 


App. ii. 

it 




254’ 

MO •. . . . . 
dtviaed and instantly taken 
122 


124 

1 after being discharged. 

2 after being discharged. 

1209. Without endeavouring to allow for the loss which 
must have been -gradually going on during the time of the ex- 
periment, let us observe the results of the numbers as they 
stand. As 1* remained in app. i. in an undischargeable state, 
249° may be taken as th& utmost amount of the transferable 
or divisible charge, the half of which is 124°’5. As app. ii. 
was free of charge in the first instance, and inyqediately after 
the division was found with 122°, this amount at least may be 
taken as whajb it had received. On the other hand 124° minus 
1°, or 123°, may be taken as the half of the transferable charge 

VoL. IV.— No. 19, July, 1839. . B 
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retained by app. i. Now these do not difTer inueh from each 
other, or from 124“'5, the half of the full amount of transfer- 
able a^rge ; and when the graclual loss of charge evident in 
the din^:i?nce between 2')4'^ and 250*^ of app. i, is also taken 
into account, there is every reason to admit the result as show- 
ing an equal division of charge, unaltended bij any disappear- 
ance of poicer exf'opt that due to dissipation. 

1210. I will give another result, in which app. ii. was first 
charged, and where the re.sidual action of that apparatus was 
greater than in the former case. 

App. i. App. ii. 

Balls 1.50" 

1.52" 

..... 148 

divided and instantly taken 

70“ 

..... 78 

.5 immediately after discharge. 

0 immediately after di.scharge. 

1211. The transferable charge being 148“ — .5“, its half is 
^ 71“’.5, which is not far removed from 70 ', the half charg(^ of 

i.; or from 73''-’, the hall charge of ii.: these half charges again 
making up the sum of 143 ', or just the amount of the whole 
transferable charge, (.'onsitlering the errors of exporiinont, 
therefore, these results may again be. received as showing lluit 
the apparatus were equal in inductive capjicity, or in their 
powers of receiving tiharges. 

1212. The experiments were repeated with charges of ne- 
gative electricity, with the .same general results. 

1213. That 1 might be sure of the sensibility dnd pction of 
the apparatus, I made such a change in one as ought'upon 
principle to fticrease its inductive force, i. e. I put a nietallic 
lining into the lower hi'inisphere of app. i., so as to diminish 
the thickness of the intervening air in that part, from 0'f)2 to 
0*435 of an inch : this lining was carefully shaped and rounded 
so that it should not present a sudden projection within at its 

l*^t a gradual transition from the reduced interval in the 
lower part of the sphere to the larger one in the upper. 

1214. This change immediately caused app. i. to produce 
efiects indicating that it hud a greater aptness or capacity for 
induction than app. ii. ^ Phus, wEen a transferable charge in 
app. ii. of 469 was divided with app. i., the 'former retained 
a charge of 225*, whilst the latter showed one of 227“, i. e. 
the former had lost 244“ in communicating 227“ to the latter : 
on the other hand, when app. i. had a transferable charge in 
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it of SSI"" divided l>y contact \yith app. ii., it lost 181' only, 
whilst it gave to app. ii. as many as 194'': — the sum of thedi- 
vid(;d forces l>eing in the first instance less, and in the ^^^^Cond 
instance greater than tlie original undivided charge/<^'' These 
results, are the more striking, as only one half of the interior 
of app. i. was modified, and they show that the instruments 
are capable of bringing out dilfereftces in inductive force from 
amongst the errors of experiment, when these diiferences are 
much less than that produced by the alteration made in the 
present iiistaiice. 

If iv. hiduclion in curved lines. 

121.5. Amongst those results deduccd^from the molecular 
view of induction (llOb.), which, bi'ing of a pecailiar nature, 
are the best ti?sts of the trutli or error of the theory, the 
expected action iij curved lines is, f think, the most important 
at present ; for, if shown to take place in an unexceptionable 
inaiunu*, 1 do not .see how the old theory of action at a dis- 
taiKte and in straight lines can stand, or how^ the com’lusioii 
that ordiiiary induetion is an action of contiguous partichjs 
can he resisted. 

12I(). Tliero are many forms of old experiments which 
iniglit he cpiotcd as favourable to, and (consistent with the 
view I have adopt ('d. Such are most castes of (?l(ictro-che- 
niioal decomposition, electrical brushes, auras, sparks, &c. ; 
hut as these might be considered ecpiivocal (nddemcc?, inasmuch 
as they include a current and discharge (tl/l)ugh they have 
long b(*en to me indications of prior niolecular action (1230.)), 
I endeavoured to devise such experiments for first proofs as 
should not iu^dude transfi^r, but relate altogether to the pure 
simphynductive action of statical (dcctricity. 

1 21 7. It w^as also of importance to make these experiments 
in the simplest possible manner, using not more than one in- 
sulating medium or dielectric at a time, lest difterences of 
slow conduction should produce efiects which might errone- 
ously he supposed to result from induction in (curved lines. 
It will he unnecessary t<j describe the steps of the investigation 
minutely ; I will at once proceed to the simplest mode of 
proving the facts, first in air and tlien in other insulating 
media. 

1218. A cylinder of solid w^Ind! -lac, 0*9 of an incli in tlia- 
meter and seven inches in length, was fixed upright in a 
wooden foot (fig. 3.) : it was made concave or cupped at its 
upper extremity so that a l)rass ball or other small arrange- 
ment could stand upon it. The upper half of the stem having 
been excited negatively by friction with warm flannel, a brass 
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ball, B, 1 inch in diameter, was placed on the lop, and llien 
the whole arrangement examined by the carrier liall and 
Cou^mb’s electrometer (IlSO. &c.). For this purpose the 
balls (^le electrometer were charged positivclp to about 300“, 
and then the carrier being applied to various parts of the ball 
B, the two were uninsulated whilst in contact or in position, 
then insulated,* separattidi and the charge of the t anicr ex- 
amined as to its nature and force. Its electricity was always 
positive^ and its force at the diflerent positions a, b, c, d, &c. 
(tig. 3. and 4.) observetl in succession, was as follows : 

at ffl above 1000“ 

b it was Mi) 

c 270 

d ,51-2 

b 130 

1219. To comprehend the full force of these results, it must 
first he understood, that all the charges of the ball H and the 
carrier are charges i)y induction, from the action of the excited 
surface of the shell lac cylinder ; for whatever electricity tin; 
ball B received by communication from the shell lac, either 
in the first instance or afterwards, was removed by the un- 
in.sulaling contacts, only that due to induction remaining ; 
and this is shown by the charges taken from the ball in thi.s 
its uninsulated state being always positive, or of the contrary 
character to the elecivicity of the shell-lac. In the next 
place the charges at «, c, and d wVre of such a nature as 
might be expected from an induciive action in straight lines, 
but that obtained at b is not. so: it is clearly a charge by in- 
duction, but induction in a curved line ; for the carrier ball 
whilst applied to b, and after its removal to a distance of .six 
inches or more from B, couhl not, in consequence oV the .si/.e 
of B, be connected by a straight line with any part of the 
excited and inducing shell-lac. 

1 220. 'Fo suppose that the upper part of the uninsulated ball 
B, should in some way be retained in an electrified state by that, 
portion of the surface which is in sight of the shell-lac, would 
be in opposition to what we know already of the subject. 
Electricity is retained upon the surface of conductors only by 
induction (1 17H.) ; and though some persons may not be pre- 

* It can hardly be necessary for me to say here, that whatever 
general state the carrier ball acquired in any place where it was 
uninsulated and then insulated, it retained on removal from that 
place, notwithstanding that it might pass through other places, that 
would have given to it, if uninsulated, a different condition. 
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pared as yet to admit this with respect to insulated conductors 
all will as regards uninsulated conductors like the ball 15, 
and to decide the matter we have only to place the cari^'if ball 
at e (fig. 4.), so that it shall not come in contaot’With 15, 
uninsulate it by a metallic rod descending perpendicularly, 
in.sulate it, remove it, and examine its state : it will be found 
charged with the .same kind of electricity as, and even to a 
higher degree (1224.) than, if it had been in contact w'ith the 
summit of 15. * 

1221. 'I’o suppose, again, that induction act. s in someway 
throitgh or across the metal of the ball, is negatived by the 
simplest considerations ; but a fact in proof will be better. 
If instead of the ball 15 a small <lisc of ^nielal be u.sed, the 
carrier may be charged at, or above the middle of its upper 
surface; hut if the plate be eidarged to about If, or 2 inches 
in diameter, C (tig. then no charge will be given to the 
carrier at /", though when applied nearer to the edge atg", or 
even above the mhMle at /t, a charge will be obtained; and 
thi.s is true tliough the plate nuiy be a mere thin tilm oi' gold- 
leaf. Hence it is clear that the induction is not through the 
metal, but through the air or dielectric, and that in curved 
linc.s. 

1222. I had anotlu'r arrangement, in which a wire passing 
downwards through the middle of the sh(41-lac cylinder to the 
earth, was connected with the ball 15 (fig. (i.) so as to keep it 
in a constantly uninsulated state. This was a very convenient 
form of apparatus, and the results with it \fere the same us 
tho.se described. 

1223. In another case the ball B was supported by a shell- 
lac stem, ii^dependently of the excited cylifider of shell-lac, 
and half an inch distance from it ; but the ellects were the 
same. Then the bras.s ball of a charged Leydciyar Avas used 
in place of the excited shell-lac to produce induction ; but 
this caused no alteration of the phamomena. Both positive 
and negative inducing charges were tried with the same 
general results. Finally, the arrangement was inverted in 
the air for the purpose of removing every possible objection 
to the conclusions, but they came out exactly the same. 

1224. Some results obtained with a brass hemisphere in- 

stead of the ball B were exceedingly interesting. It was 1 '3C> 
of an inch in diameter, (fig, 7.), and being placed on the top 
of the excited shell-lac cylinder, the carrier ball was applied, 
as in the former experiments (1218.), at the respccti\’e posi- 
tions delineated in the figure. At i the force was 1 12% at k 
19 ®°’ ^ ^ d.5" 5 the inductive force gradually 

diminishing, as might have been expected, to this point. 
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But on raising the carrier to the position n the charge in- 
creased to 87"" ; and on raising it still higher to o, the charge 
still Siguier increased to 105" : at a higher point still, />, llie 
charge wken was smaller in amount, being and continued 
to diininish lor more elevated positions. Mere the induction 
fairly turned a corner. Nothing, in fact, can belter show 
both the curved lines or courses of the inductive action, dis- 
turbed as they anj froni their rectilineal form by the shape, 
position! and condition of the metallic hemis])hcre ; and also 
a lateral tension^ so to speak, of these lines on one anotlier : 
all depending, as 1 conctnve, on induction being an action of 
the contiguous particles of th(^ dielecrtric thrown into a state of 
polarity and tension, and mutually related by their forces in 
all directions. 

1225. As another proof that the whole of these actions 
were inductive, 1 may state a result which was exactly what 
might be expected, namely, that if uninsulating comtiicting 
matter was brought round and near to the excited shell-liic 
stem, then the inductive force was directed towards it, and 
could not be found on the top of the hemisphere. Removing 
this matter the lines ol’ force resumed their former direction. 
The experiment affords proofs of the lateral tension of these 
lines, and supfJies a w^arning to remove such matter in re- 
peating the above investigation. 

122(). Alter these results on curved inductive action in air 
I exttmdcd the experiments to other gases, using first carbonic 
acid and then hydrogen : the pluenomena were pve<iisely 
those already described, fn these experimenis f found that 
if the gases were conlined in vessels they re(jiiired to he very 
large, for whelhor ot glass or eartlnmware, the conducting 
power ot such materials is so great that the induction of the 
excited shelhlac cylinder towards them is as much is if they 
were metal ; and if the vessels be small, so great a portion of 
the inductiv^e force is delmmined towards them that the lateral 
tension or mutual repulsion of the lines of force before spoken 
of (1224.), by which their inflection is caused, is so much r€i- 
lieved in other directions, that no inductive charge will be 
given to the carrier ball in the positions k, /, in, n, o,p, (fig. 7.). 
A very good mode of making the experiment is to let large 
currents of the gases ascend or descend through the air, and 
carry on the experiments in these currents. 

1227. These experiments were then varied by the substitu- 
iton of a liquid dielectric, namely, oil of turpentine, in place 
of air and gases. A dish of thin glass well covered with a 
film of shell-lac (1272.), and found by trial to,iusiilato well, 
Iiad some highly rectified oil of turpentine put into it to the 
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depth of half an inch, and being then placed upon tlie top of 
the brass hemisphere, (fig. 7.) observations were made with 
the carrier ball as before ( i 2i4.). The results were the ‘^4ime, 
and the circumstance of some of the positions bei^g within 
the fluid and some without, made no sensible difference. 

12:^8, I^astly, fused a few solid dielectrics for the same 
jnirpose, and with the same results. These were shelldac, 
sulphur, fused and cast borate of load, flint glass well covered 
with a film of lac, and spermaceti. The following^was the 
form of <*xperiment with sulphur, and all were of the same 
kind. A square plate of the substance, two inches in extent 
and 0'() of an inch in thickness, was cast with a small hole or 
tlopres^jion in the middle of one surface to receive the carrier 
bail. This was placed upon the surface* of the metal hemi- 
sphere (fig. 0.) arranged on the excited lac as in former cases, 
and obsc^rvations were made at n, o, />, and q. Great care 
was re(iuircd in those experiments to free* the sulphur or other 
solid subslfince from any charge it might previously have 
recanved, This was done by breatliing and wiping (1203.), 
and the substance being found free from all electrical excite- 
ment, was then used in the experiment ; after which it was 
removed and again examined, to ascertain that it had received 
no charge, but had acted really as a dielectric. With all 
these precautions the results W(U’c the same ; and it is thus 
very satisfactory to obtain the curved inductive action through 
solid bodies^ as any possible effect from the translation of 
chargpfl particles in fluids or gases, which sowie persons might 
imagine to be the case, is here emtirely negatived. 

1220. In these experiments wdth solid dielectrics, the degree 
of charge, assumed by the carrier ball at the situations o, p 
(fig. 9.), waTs decidedly greater thai> that given to the ball at 
the same places when air only intervened between it and the 
metal heniisph(;re. This effect is consistent wifli what will 
hereafter be found to be the respective relations of these 
bodies, as to their power of facilitating induction through them 
(12(>9. 1273. 1277.). 

1230. I might quote many other forms of experiment, some 
old and some new, in which induction in curved or contorted 
lilies takes place, but think it unnecessary after the preceding 
results ; I shall therefore mention but two. If a conductor 
A, (fig. 8.) he electrified, *and an uninsulated metallic hall Ji, 
or even a plate, provided the edges be not too thin, be held 
before it, a small electrometer at c or at rf, uninsulated, will 
give signs of electricity, opposite in its nature to that of A, 
and therefor^ caused by in.duction, although the influencing 
and influenced bodies cannot be joined by a right line passing 
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through the air. Or if, the electrometers being removed, a 
point be fixed at the back of the ball in its uninsulated state 
as ati^, this point will become luminous and discharge the 
conduct^ A. The latter experiment is described by Nichol- 
son,* who, however, reasons erroneously upon it. As to its 
introduction here, though it is a case of discharge, the dis- 
charge is preceded by induetion, and that induction must be 
in curved lines. 

1231. As argufticnt against the received theory of induc- 
tion and ill favour of that which 1 have ventured to put- forth, 
I cannot see how the preceding results can be avoided. The 
effects are clearly inductive effects produced by electricity, 
not in currents but in its statical state, and tliis iiuluOtiori is 
exerted in lines of force which, though in many experiments 
they may be straight, are here curved more or less according 
to circumstances. I use the term Ime of hi duett va force merely 
as a temporary conventional mode of expressing the direction 
of the power in cases of induction ; and in tlie experiments witli 
the hemisphere (1224.), it is curious to see how, when certain 
lines have terminated on the under surlace and edge of the 
metal, those which were before lateral to them expand and open 
out from each other, some bending round and terminating their 
action on the upper surface ol* tlu' hiunisphere, and others 
meeting, as it wore, above in their progress outwards, uniting 
their forces to give an increased charge in the carrier ball, at 
an increased distance from the source of power, and infliumcing 
each other so as to cause a second ilexure in the contrary di- 
rection from the first one. All this apj'oars to mi^ to prove 
that the whole action is one of contiguous particles, related to 
each other, not ^merely in the linos which they may be con- 
ceived to form through tJie dielectric, between ftie inductric 
and the induoteous surfaces, but in other lateral directions 
also. It is ftiis which gives the effect equivalent to lateral re- 
pulsion or expansion in the lines of force I have spoken of, and 
enables induction to turn a corner (1304.). The power, in- 
stead of being like that of gravity, which relates particles 
together through straight lines, whatever other particles may 
be between them, is more analogous to that of a series of 
magnetic needles, or to the condition of the particles consi- 
dered as forming the whole of a straight or a curved mag- 
net. So that in whatever way I view it, and with great 
suspicion of the influence of favourite notions over myself, I 
cannot perceive how the ordinary theory bf induction can be 
a correct representation of that great natural principle of 
electrical action. 


* Encyclopaedia Biilannica, vol. vi. p, 504: 



Mjr. W'«ekes, ow t/ia decomposition of water. 

12:W. I have had occasion in describing the precautions 
necessary in the use of the inductive apparatus, to refer to 
one founded on induction in curved lines (1203.) j and./ifter 
the experiments already described, it will easily be seen how 
great an iidluence the shell-lac stem may exerb^dpon the 
charge, of the carrier ball when applied to the apparatus 
(1218.), unless that precaution In; attended to. 

123.3. I think it expotlient, next in the course of these ex- 
perimental researches, to describe some effects tlue to con- 
ductian, obtained with such iKKlies as glass, lac, sulphur, &c., 
which had not been anticipated. Ueing understood, they will 
make us acquainted with certain precautions necessary in in- 
vestigating the groat question of specific inductive capacity. 


( To be continued. ) 


II. On the decomposition of water by the age7tcy of groinng 
plants, more particnlnrly the Jhfvatic Conferccc, the 
fnmna, a genus of the Monwein Diandria class, Sfc. i^c. 
liy W. H. Wkekks, Esq., Surgeon, Lecturer on Philoso- 
phical and Oiicralive Chemistry, &c. vS:c. &c. 

Since that period when the justly revered names of Priestly 
and Ingenhouse shed a halo of refulgence around experi- 
mental philosophy, and the former made kyown the result of 
his celebrated enquiries on the respiration of plants, not only 
botanists and vegetable physiologists, but chemical philoso- 
phers also, appear to have concurred in thck general opinion, 
that ph'.nts*absorb carbonic acid from the air under certain 
circifmstances, and emit oxygen in return; and Dr. Ingen- 
house concludes that this change occurs only diflring exposure 
to the direct rays of the sun. It is further presumed that in 
the dark an opposite elfcct obtains, and that carbonic acid gas 
is neither absorbed nor oxygen gas evolved; but on the con- 
trary, oxygen disappears, and carbonic acid is disengaged. 

I am neither prepared nor disposed to deny, that, “ under 
certain circumstances,” these conclusions do appear to be 
borne out and established, generally, by attentive observation 
and experiment; but there are likewise facts and circum- 
stances, which I shall submit, warranting the conclusion that 
these results do not invariably obtain from the functional exer- 
cise of every description of plants, and which, I think, also 
render it worth while to enquire, whether, as is generally as- 
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sumed^ it be a fact that the oxygen evolved by the respiratory 
action in plants, is uniformly derived from the riecomposition 
of carbonic acid gas, as absorbed from the atmosphere, 
soil, &c^ or from that of the more abundant source, water, 
in whicliTHtygen is known to form a large proportional con- 
stituent. 

A series of cautious and ininutely observed experiments oc- 
cupying my attention at frequent intervals during some eight 
or ten years past, luive, 1 presume, authorized me to indulge 
in the above conclusions, and to assort that pure oxygen alone 
is constantly evolved, by certain plants at least, whether they 
1)6 exposed to the influence of solar light .alone, or subjected 
to the altm-iiate changes of day and night. 

The discovery of this interesting and additional feature in 
the operative cht'inislry of nature, owes its remote origin to 
circumstances which I feel claim from mo, at least, the tri[)utc 
of a brief recital. It is now about twelve years since I had 
the j)eeuliar satisfaction of acquiring the scientific acquaint- 
ance and ultimate Irieaidship of I'homas Pine, Esq., of Maid- 
stone, in Kent, the author of a tlumry appropriately denomi- 
nated by him lUectro-^ Vegetation .,\\\c. legitimate offspring of 
long patient observation and inductive experiment; and which 
theory I can have no hesitation in believing must eventually 
take its place*, among the establislied truths of philosophy. 
IminediaUdy upon our ac(iuaintance Mr. Pine suggested to 
my maiuigenieut a series of experimental researches such as I 
might conceive best calculated to subject his opinions to the 
severest tests of chemical and generaf examination. In 
further relation to thi* theory above mentioned, it is only 
necessary for me, in this place to observe, that the conclusions 
of its author were amply supported by the long Series of ex- 
periments in question. 

During tlw progress of these enquiries incidental to the 
Spring and Summer seasons of the years 18d3-4 and 5, it 
became expedient for me to adopt means w^hereby I might 
bring the extreme branches of various grotoing plants and 
shrubs into operation under a pneumatic apparatus; some- 
times employing in my manipulations merely a valve of mer- 
cury with a common atmosphere in the receiver above the 
fluid metal, and at others causing the branches to grow for 
many days and even weeks within an entire atmosphere of 
water, limited only by the capacity of the receiver, with a 
view to collect and examine the gaseous , results obtained 
during the progress of a vigorous state of vegetation. While 
coiidiictiiig these researches by means of the usual water 
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trough and gradual «*d bell glass, I often hccanic forcibly ini- 
prossod, alter attentive observation, with the idea that the 
biavos and branches of plants, growing within my hydrdrjineu- 
inatic apparatus, were materially indebted for the large 
(jitanlitfi of their gaseous products to deconipositit^ of a por- 
tion of the surrouiuling atmosphere of water, as well as to 
exhalations from the surface of their leaves, &c., originating 
in the deeomposiliini of carbonic acid, though, neither then 
nor subsequently have I found cause to regard the generally 
receivi^d opinion on this subject as being devoid of foundation 
under ordinary «‘ircum.stancc8 and in a dry atinosphei'e. 

Pursuing, at the ])cvit)d above mentioned, the train of thought 
llnis suggt!. t<'d, 1 was lc<l to consider the well known experi- 
ment of I'iaciiig a frcsii delacht d sprig of mint or other sue- 
eiilent plant within an inverted glass jar of water, for the 
jairposc of exlid)iting the evolulioai of hubbies of oxygen from 
th«! surfacio f)l its leava's exposed to the action of solar light ; 
nor could I long hesitate in adopting, us an opinion at least, 
that the oxygen obtained in this ex])e.viment owed its origin, 
in no inconsul(M’al)le d(‘gree,also to decomposition of a portion 
of the water employed, and nut entirely, as generally believed, 
to the carbonic acid held in solution by the Iluid. 

A mnhiplicity of engagements continued to delay my inten- 
tion of endeavouring !o illustrate this important question by a 
fiivduT appealtoexperimeuljuntilthc imim!diate ardour arising 
out of the subject hud somewhat abated; when, early in the 
Autumn of 1H.‘57, my attention thereto wa^s .strongly revised 
by the accidental circumstance of a decanter of river water, 
in which some small portion of a very minute species of con- 
fer v re had luxuriantly vegetated, having he^n left unmolested 
and exposiSl at times, iluring several weeks, to a strong sun- 
light in the window of my bed-room. I now observed that 
on the sides and neck of the glass inmimoi:able hubhh;s 
of gas were collected and continuously arose fr(;m the sui'facc 
of (he conferva} or green vcgetalile matter he.fore mentioned ; 
and this gaseous protluct 1 Imd every ri'uson, short of actual 
testing, to consider as oxygen derived from partial decompo- 
sition of the water in my de< ranter. 

The season had too far advanced to permit of resuming my 
former researches, especially with the delicate conferva}, now 
the more immediate object of my attention ; 1 therefore 
waited, with no small degfee of impatience, the arrival of the 
spring and summer of 1838, with the design of subjecting my 
theoretical conclusions to the test of actual experiment. It was 
not, however, until the commencement of the month of August, 
that the Pxmctalis, a minute species of conferva} abound- 
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ingin stagnant waters^ as ponds, ditches, water-tanks, &c., ap- 
peared sufficiently luxuriant for my purpose ; wlien the simple 
but fijolnpletely efficient form of apparatus, represented in tlie 
annexed .sketch, was immediately put in requisition for the 
occasion. '*^The bolt-head a, holding one gallon, having been 
taken to a water-tank in which a sufficient quantity ot the 
confervfie in question was discovered to have vegetated, the 
globular part of the glass vessel was forcibly immersed beneath 
the surface of the fluid, until the orifice of the neck could be 



brought into an appropriate position to admit of the globe 
filling freely, while the current of water, during its dor/nward 
impetus, carried with it an ample quantity of the plant sought 
to be operated upon. The position of the bolt-head having 
beep now reversed with the opening of the neck downwards, 
the stoneware jar 6, charged also with the water of the tank, 
was plunged perpendicularly underneath, and when the neck 
of the glass had been immersed within the water of the jar, 
until the inferior circumference of the globular part rested 
upon the substantial rim of the lower vessel, the two were 
carefully removed and placed immediately in an eligible 
situation in my garden, subject to frequent observation. I 
do not think I can convey to those whom it may possibly 
interest, a better idea of the subsequent progress of my experi- 
ment, than by subjoining occasional extracts from my daily 
Journal of Memoranda, or rough notes, made oi\ the spot at 
the moment of observation. 
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August VZth, 1838. — At 8 a. m. placed a quantity of the 
Confervae Punctalis, in rain water, under the pneumatic ap- 
paratus in garden — evening bright with light breezes, .ifrom 
S. W. Since being at rest the whole of the minute plant has 
resumed its natural tendency to the surface of the^uid, and 
occupies the zenith portion of the glass globe. Appearance 
perfectly healthy. , 

13th, eight o’clock, a. m. — A gas has been abundantly 
evolved, during the, past night. The conferva) has been in 
consequence depressed from its original position in the upper 
hemisphere of the globe, its former place being now occupied 
by the gaseous product, fully equal in amount to the bulk of 
plant ; I presume not less than from sixteen to eighteen cubic 
inches. The water of the jar has overflown in a corresponding 
degree. 

i8th. — The formation of gaseous matter from confervae 
punctalis has been almost regularly progressive during the 
last live days, and now occupies nearly one-sixth of the globu- 
lar hemisphere. Appearances indicate that the evolution of 
gas is on the decline ; the plant also shows symptoms of 
decreasing vigour. 

21st. — -(ias has not materially augmented to-day; and 1 
conclude that the conferva; has nearly ceased to vegetate. 

Four o’clock, e. m. — licsolved to transfer the gas collected 
from glass globe to a .series of air jars of different capacities, 
for the purpose of chemical examination. — Six o’clock, p. m. 
(.las generated within the space of nine ^ays, amounts to 
fifty-eight cubic inches, and proves to be oxygen more pure 
than usually obtained artificially. An extinguished wax taper 
is instantaneously relighted by being plugged therein, and 
phospboru#, iron wire, and other combustibles, burn with 
grca\ brilliancy. A cubic inch tube, graduated in hundredths, 
charged with the gas and placed over pure liqusr potassa. 

22d. evening. — I'he volume of gas in cubic ipch tube over 
liquor potassa (temperature considered) has diminished only 
one and a half per cent in about twenty-four hours, and has 
remained without decrease during the greater part of that 
time ; consequently, the oxygen thus obtained, holds in ad- 
mixture a smaller proportion of carbonic acid than that 
generally procured by exposing to a red heat the peroxide of 
manganese. * 

These experiments with* the conferva) punctalis were several 
times repeated'during the months of August and September, 
and invariably with similar results, as witnessed by divers 
scientific friends who obligingly interested themselves on the 
occasion. Subsequently the lemna, a genus of the raonoecia 
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diandria class, (commonly denominated duck-iveed) was ofieu 
subjected to the same process oi‘ examination, with the only 
ditteftfcnce that it did not produce oxygen quite so abundantly 
as the confervae punctalis, though the gas obtained from the 
lemna was* found to be in a trilling degree more pure tlian 
that evolved by the former description of jdant, inasinueii 
as it was proved by chemical analysis to contain only ono per 
cent of oarl^onie acid. 

In the early part of the month of October, T coinmoiiced a 
scries of similar trials with several larger species of aquatic 
plants, but, owing to removal from their native liabituaes at 
a late period of the season, my efforts were not attended with 
a like decree of smujess. From these latter experiments, 
however, 1 l(?arned ihAt it is only in the perfer.thj hmltJuj and 
I'figorom sfnia that plants possess the powi'r to de(*ompose 
water and lib(irate its oxygen. Under certain circuinstaiiees, 
which require further researches to detine, I am convinced 
that some [dants evolve a portion of nitrogen. 

As connected with and arising out of the subject of this 
paper, I shall’ permit myself to subjoin a few desultory obser- 
vations. It has been ingeniously suggested to me by a highly 
esteemed scieiitilic friend, that the oxygon oblnined during 
the experiments above detailed, might possibly arise from the 
decomposition of a considerable portion of carbonic; actid, not 
unfrecpiently hold in solution by certain waters. Now, the 
water employed in my experiments, as first stated, was taken 
from a large open Jank on the premises, and it is qtiifo fair to 
say that few specimens could be furnished in greater* purity. 
I'he substances known g^meraliy to be hold in solution by 
rain water, are air, carbonic . acid, carlmnate of linn;, ajid, 
according to Hergman, occasionally some traces of nitr,ic acid 
and a little muriat<^ of lime. The best authorities agrcie that 
the quantity effair in good water, of the kind in fjuestioii, does 
not exceed one- twenty -eighth of the bulk; and that onehun- 
tlred cubic inches contain generally about one cubic inch of 
carbonic acid gas, but I have satisfied myself that the rain 
water actually employed, yieldeil rather short of the usual 
assumption. If we reckon the bolt-head to c;ontain one gal- 
lon, or about 278 cubic inches, which will be a sufficient 
approximation to the fact, we shall perceive that the full 
amount of carbonic acid in the water *of my experiment could 
not exceed three cubic inches, a ([uanlity quite inadequate to 
furnish on decomposition even a sixth part hf the oxygen 
evolved during the first night, and the possibility of the water 
acquiring any addition of carbonic acid by absorption from 
the surrounding atmosphere, was effectually provided against 
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in the construction of the apparatus. Nor does it a])pear 
that the common air contained in the water used, had been 
expelled and thus augmented the volume of gas ultinl;'f^^ly 
measured, because the only deviation from the pure oxygen 
found on analysis, was from one to one and a half cent of 
carbonic acid. If we suppose the plant capable of dt;composing 
atmospheric air, a considerable quiuitity of nitrogen must have 
been manifest on examination. 

Sir II. Davy, at page 192, fourth edition of his “ I.ast Days 
of a Philosopher,” says *• those lishes that spawn in Spring or 
the begimiiug of Summer, and which inhabit deep and still 
waters, as the carp, bream, pike, tench, &c., deposit their eggs 
upon aquatic vc^getables, which, by the influence of the solar 
light, constantly preserve the water in a* state of aeration.” 
'I'hough the form of expression used by our celebrated philoso- 
pher is not definilive, I think I may safely assert that the 
means employed by nature to eftect the important object 
alluded to by Davy, that of preserving the wafer in a state of 
aiiration, consists ki the power of growing plonts to decompose 
that fluid and sup|)ly a vivifying principle to the eggs by the 
disengagement of oxygon. I'pon similar grounds, 1 presum<‘, 
we might fairly conclude, that the baneful influence of mahu'ia 
arising from the stagnant waters of niarshy districts, is, during 
the spring and summer materially modified by the oxygen 
(emphatically characterized as air by Dr. I’riostly) gene- 
rated from the action of confervas and other aquatic vegeta- 
bles, abundantly inhabiting the still waters ql’ such localities. 
In the season of autumn, when the vigorous action of vege- 
tation has ceased, and the plants themselves in many instances 
pass into decomposition, experience shows J,hat the demon 
malaria bcgilis to diffuse its most pestiferous exhalations- 

It being obvious, from the experiments above recorded, 
that the leaves of plants are furnished with organs suited to 
the oflice of decomposing w'ator, and as we flud.only one of 
the elements of this fluid set at liberty, it follows logically 
that the other element, riz. the hydrogen, is absorbed by the 
plant and adapted to the purposes cif the vegetable economy; 
at least, I presume that 1 ^ave brought sullicicnt evidence to 
show, that in addition to the offices of the roots, leaves, 
“ comw^o?^” and “ proper vessels ” hitherto known, nature has 
provided plants with another important source of action, by 
the direct exercise of which they derive from one of the ele- 
ments of water,’ a principal constituent* of their own, whik; 

* Some ten or twelve years since, while engaged in the analysis 
of upwards of Tarty specimens of indigenous and foreign woo<ls, by 
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from the disengagement of the other, they silently administer 
to the purity of the atmosphere and the economy of animal 
lifeV, 1 have not unfrequently spent many hours, aided by the 
microscope, in watching, particularly in bright days, the 
evolutiom^of gas bubbles as they are formed and disengaged 
from small aquatic vegetables, as well as from the detacheil 
leaves of other plants immersed in water ; and, as one of the 
fruits gathered from such observation, 1 imagine I shall not 
risk any very serious condemnation, in venturing to conjecture 
that the spinous or downy points presented by the superfices 
of leaves (and I find it is to these points that the bubldes of 
gas are invariably attracted) are analogous to so many gal- 
vanic poles, rendered more or less potent by the agency of 
solar light and other circumstances ; thus, however minute 
and trivial in their individual operation, producing by their 
infinitude an amazing aggregate of electro-chemical action ; 
and though, doubtless, this be most conspicuous where exer- 
cised in the stagnant pool, or meandering rivulet, yet, never- 
theless, extending its natural magic ecpuilly^to decompose the 
beautiful leaflet gem exhibited in the spangling dew-drop. 


the process of close distillation, I became forcibly struck with the 
proportionately large volume of hydrogen frequently evolved in 
combination with carbon, &c.; so abundant, indeeu, that I was 
induced to convey it into a temporary reservoir, and occasionally 
appropriate<i it as a means of illumination in my laboratory opera- 
tions. If, during the growth of plants, this quantity of hydrogen 
be not materially derived from the decomposition of water, by a 
direct exercise oi their external functicuis, it will be extremely dif- 
ficult to account for its origin and presence as a component of 
ligneous fibre ; for, though we are not yet accurately familiarissed 
with the internal organization of vegetables, and their consequent 
capabilities, it seems scarcely probaMe that to this single and some- 
what limited source alone, the whole of the hydrogen, is attributable 
which we find resulting on careful analysis. 
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III. Erperimental and Theoretical Researches in Elec- 
tricity. Second Memoir. Ry William Sturgeon, .Lec- 
turer on l^xperimental Philosophy at the lion. East India 
Company’s Military Seminary, Addiscombo, 

Read March 3d5and December IQth, 1S3S, 

On the Identity or A'^on-idcjifity of Electricity and Mag-^ 
netisni — Different ojyinious of f^hilosop/tcrs on this topic 
— Experimental Examination of those Phenomena trhich 
are supposed to favour the hypothesis — Examination of 
A/. Atnperd's Hypothesis — l"he polar forces of hard steel 
Magnets unraiajuishable by Electric Currents — The 
incficicnry of Electric Currents magnetizing hard 
steel to a high degree of power — The distribution of mag-^ 
netir ft)ra«ej:hibi fed by Sf eel Magnets and by Loadstone^ 
not imhable by Electric Currents. 

8S. hi the first memoir whicli I ha<l the lionour to present 
to this Soei(dy, Pendeavonred to elucidate Ihofecnundamental 
principle's of eJecIricity, which appf3ar obviously developed by 
an extensive series of illustrative phenomena, and well calcu- 
lated to atlbrd an easy exjilanalion of the natun; and peculiarity 
of electric, action. There still, however, remains one very 
important theorol i<.*al point on which I luive not yet touched; 
a point which is yet waveving under the dominion of vacillating 
opinion, without any party venturing a demonstration of his 
peculiar ideas : or, indeecl, showing inuch,»if any, reason for 
entertaining t hem. 

89. 'I'hii discovery of the identity of lightning and ordinary 
elc*etric discharges, by Franklin, and the welJ established facts 
of lightniiTg depolari'/ing compass needles, reversing the 
polarity of others, and producing other remarkable magnetic 
phenomena, were events that have, long ago, led philosophers 
to imagine that electricity and magnetism aro not distinct 
powers of nature : hut that, more probably, they emanate, in 
different forms, from one and the same physical cause. The 
apparent similarity of thg attractions and repulsions in mag- 
netism and electricity, has also been considered as favourable 
to the hypothesis. 

90, It is now more than half a century ago since the 
celebrated P’ather Bec<;aria. ventured an opinion, that the 
electrical and magnetic powers are identical. “Aro not these 
peculiar effects ’of the electric fire with respect to magnetism,” 


* From the Transactions of the London Electrical Society# 
VoL. IV.— -No. 19, Jtdy, 1839. C 
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said this eminent philosopher, “ so iinuiy proofs which cor- 
roborate iny former conjoeturos, that the peculiar magnetic 
forc!<^ol)servcd in is to be atiributed (o either almos- 
phericnl or suht(^rrancoiis strokes of lighUiing ; and that the 
'im/rersnl%ijfstematic properties of magnetic bo<li(\s are pro- 
duced by an universal sy^teiiiati<; (circulation of the eleclric 
clement f’* This liypothesis of the illustrious Italian was 
not much attended to, till tfie discovery of electro-magnetism, 
which happemal nearly fifty years afterwards ; wlieii it was 
again broached, as a new idea, by M. Ampere. Since that 
time the hypotliesis has gained many proselytes, though there 
he still soint' pliilosophers who do not ent(*rtaiii that o})inion : 
and as <il<^ctrieity has latterly prodiua^d many phenomena, 
whose true cause can^.only ho understood by a proper solution 
of the prohlem which this disputed point lias creattul, a strict 
investigation of llie various circumstances connected with it 
can hardly fail to be interesting to the h'Jeetrical Society: 1 
have therc'lore d(!voted the whole of this memoir to that par- 
ticularly important suhiect, in which, it will he found, I have 
colleclt^d, examined, and arranged the most striking instances 
of analogy in eh'ctrieity and inagm^tism : and have also pointed 
out many plnmomeua in which they as oliv ioiisly disagree. I 
have contemplated the w'hole as profoundly as I hav<^ liotm 
able, and have discussed the various tf>pi(‘s as T have proceeded, 
with freedom and candour, in lln^ nianm'r lollowillg: — 

91. If one of th(j poh's ol e«ich of two magnets be ])ix’sented 
to each otlnu’, a ttuuh'ney either to recede from, or a])pi'oach 
each other is immediately manifi'sted, aeiordingly as those 
poles are similar or dissimilar r<'spo(*t ively ; and beeausi^ simi- 
lar and dissimilar elect ri'/.tul bodies (n inee (‘(jrresponding ten- 
dencies to mov(». /Vo/y/ or foirards each olher, the two siMsof 
pheiionuMia have been regaixhxl as marking a strong analogy, 
and has t; been held lorth as evidence in favour of tJie idimtity 
ol the magm*tie and electric agtuiis. I hit, before these, or 
any (jtlier supposed analogies In' permitted to enter into any 
code ('if physical laws, tliey ought to he examined with the 
most rigid scrutiny and exactness. The phenomena ought 
not only to he compar(?d with eiich other, but each individual 
event should lie traced, as closely as circumstances will per- 
mit, to the nearest cause of its production ; and in what man- 
ner it would he allected by varying the conditions of the ex- 
periment : and. in the (juestioii before us, it is only from such 
dose investigations as tlmse, tiiat data an^ to be obtained 
which can be eslccincd ol niuch intrinsic value. 

* 'IVeatise on Artificial Electricity. By Fatlier Giambatista 
Beccaria, p. 310, English edition, Ix)iidon, 1770. 
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92. In coiiioinplating the phonomenu I have heen speaking 
of in the manner proposed, l(3t it he supposed that .v'?/', lig. 
I, Plate II, an^ two magnetic? needles, each suspended a 
tine dirc^iid ; and that p and 7 K, fig. 2, are two dissimilarly 
electri'/ed halls, suspended in a like; manner, 'riuv/, because 
of (he niagiu'tic? poles tfs‘ which are opposite to each 
other, hc.'ing of ditiero]it kinds, th<;y will approac^h each oth(?r 
until tlu^y come into contact: and aparallc'l phenomenon will 
he (‘xliibited by the dissimilarly oleclri/od balls. 7/. "I'hus 
far tin? analogy appears (o hold good. Our conclusions, how- 
ever, are not to be drawn from those facts alone, for the 
nu^tions already piuformed are the men? pn^liminaries to the 
display oi‘ other phenomena which dennand still greater citteii- 
tion, and p'veal the operation of otlnu’ aUrihutes than those 
which brought (he Ixulies (ogedier. '^i'lie elc'clric balls, /7, 7/, 
vmy shortly after (be first couia(?(, separate from eacli other; 
and if Ilnur first electric conditions were of ecpial degrees 
nhnra and Itvioiv the common standard, or neutral states tlic*y 
would nvutraVizc each other’s action, and their fibn\s of sns- 
[xuisiou would hang parallel to eacli otluT. But if (heir first 
c'bicfric conditions were not of equal dr?gn'('s ahove and below 
tin? natural standard, both balls would rtunain either posiiindy 
or nc^^dlh’ohj ele<*trical, accordingly as p or t) exhil>it(?d the 
greater degree of (electric tension prior to the first contact. In 
either case (he balls would display a tendeiu y to recede Iron) 

each other, and diverge their fibres of support. 

9'J. iSow the motions last exhibited by the electric halls 
find no parallel phenomena in the magnetic ^)oles its' ns\ fig. 
1, which still cling together without evincing the least ten- 
dency to separate: instiuid of which, it is a wclhknown fact, 
that the longer those poles are permitted to reniain unniolested 
the g]*ealcr (legree of force would he refjuircd to separate them. 
Hence, then, without entering into any theoretical.disquisition, 
these* electric and magnetic phenomena are so obviously dis- 
similar, that instead of being susceptible of inferences in 
favour of an idi'iitity in the operat iiig eauses, tlu*y have an 
obvious tendency to bias the mind to the very opposite con- 
clusion. 

94. Let the two electric halls, fig. li, he suspended on 
the opposite sides of a fixed hall B, which is in the natural 
elc(?tric condition. The. electric bodies p and ii will im- 
mediately apjiroach B; and after conlaet with that liod) tbf\v 
will recede from. it. When (he ixxly B is insulated, and the 
bodies p and n dilFer in degree of electric ((uision, ahoc« and 
bcloir the natural standard respectively, all the three bodies 
remain electiHzed after contact : and 77 and 77 exhibit a 
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deucy to recede from 1?. If, on the other h:nul, and tt are 
of e^uul degrees of electric tension almiv and hvlotr the 
natKval standard, they will iieuliali/o each otlier llinnigh the 
of B ; and H also will romain nculial. ff* the hody 
li were uVnisulated, it would he a matter of no con.se(|uence in 
what manner 7 ? and n w(’re eleclri/cd, they would both become 
neiilrali’/.cd by c<'ntact with that body. Here then we have 
three conditions under wliich the electric balls, p and rt, would 
a|=|)roach J5 by electric action ; but in no case would they be 
retained in contac t with that hody. In evtwy variation of 
tin se cxpcninn'iits tin' hodies, /> ami w, would have? their (‘Icc- 
tric; cnergit s considerably deteriorated hy contact wuth ; 
and in some cases those energies w^onld totally vanish b> sucli 
contact, how ever poworlully they might previously havc^ been 
disjdayed. 

t)j. i.et iiow^ a paralhd experiment he made in magnetics, 
by suspending two liglit bar-magnets l)y threads as represented 
by lig. I. W hen tlie inierior dissimilar poles n s' hang on the 
opposite sides of a soft iron ball /, as in the figure, they im- 
mediately approach that hall ; and wh<*n tlu'y have once come 
into contact with it thc'y renuiin attached to it ; and the longer 
they are left inulihlurbed the greater is their tendenn^y to 
remain there: so that the eonlact, instc.^ad of diminisliing the 
attractive forces, absolutely increases it. I low very difieienl 
are those events to those which occur by electric action. In 
every case of contact by magnetic attraction, tlie forci's which 
bring the bodies together, become exalted in some proj)ovtii n 
to the closeness Vjf contact : and in no Vas(‘ an* tliose fi n'cs 
impaired l)y I'he electric attractive i'orct s, on thcc'on- 

trary, are invariably, and immediately iinpaircxl h\ the bodies 
touching one aiuMhor, In some cases they arc widdcnly and 
totally ncutraliys^d ; and in no inslame arc they ofknigvdura- 
tiun iiidcpciHlcnlly of a continiuais exciting process. 

tlth Electio-polari/.alion (5-2, J has ati apparent analogy in 
magnetism, "hut the dilleront way.s in which the experiments 
may be varic'd, lead to rt suUs which show an obvious diller- 
eiice in the causes producing thorn. "I'he nearest responsive 
fact is the polariT-alion of soli iron by placing it in tne vicinity 
of a permanent magnetic pole. If, for instance, the piece of 
soft iron s', ?i', fig. 5, he placed near to the magnetic pole s, of 
the steel bar s, ?i, a magnetic polarity will immediately be 
displayed in the iron har : and arranged as indicated hy the 
letters, viz. the south pole of the magnet w, s, will cause a 
north pole in the vicinal extremity w', and a south pole in the 
remote- extremity s' of the iron bar : but if the uprth pole of 
the magnet be presented to the soft iron as represented hy 
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G, the order of polarity in the iron will he the reverse of 
thiit in the former instance : though still in aeeonltince yilh 
1 ho Nil in o liiw : for in hotli c'eisos 1 ho j^ioles in the |ioi*mniient 
inngiiet occasion jioles of the opposite kind to he exliihitod in 
tiiC nearest extremity of the iron : and polarity oi the sivnc 
kind ill thi? remote exlivinities of the iron. 

1)7. ddio circumstiuices under which the magnetic pohivily 
thus displayed liy pieci^s of soft iron hi'ars so strong a resem- 
hlance lo those necessary to the production of eh'ctro-polarity 
((52, figs. Sy andO(h PI. XII, Vok2^) that a superficial observer 
mighi easily Ixdi'dto imagine that the same agmicy w^asin ope- 
raliou in hotli cases : hut hen*, a.s in the cases already described 
('12, 9.5, y !, y.3,), a close invt'sligation of these phenomena^ 
and a coirect vit'w of those which a variation of the circuin- 
stauci\s [iroducUve of them twhihil, lead (o very dill’en nt 
inferem es. Let us, for insluiiia^ pi'rmit the pieces of soft 
irf)n, as in figs, o and G, to toucli the permanent magnelic 
poles lo wliich they are pre.sent(‘d. 'hhe steel and iron would 
remain as decidedly polar as hefnre : and the remc^le poles 
and //' of lh(^ two [uecu'S of inm, and n and .v of the steel bars 
would display still stronger polar lori'es than prior to the con- 
tact. d’lK'se facl.s have no parallel in electricity : for if the elec- 
tric bodies P and N , figs 89 and 90, PI. X II , Vul. 2, be hronght 
ini o coiitat't with the bodies y), and y/, //, to w hich tlu^y are 
respectively presented, the phenomena of polarity cease lo he 
exhibited : each pair of bodies immediatelj becomes siiuilarly 
elec^trie throughout ; the one pair, fig. 89, being all in an elec- 
tro-|)ositive condidon, and the pair, fig. 90, being inaii electro- 
negative condition, on ('very part of tlu ir surfac('S. 

98, The eh'ctric phi^nomena displayed •by bringing the 
bodies P, ffnd //, y/, fig. 89; and N, and y/, //, fig. 90, are 
easily explained Iiy supposing an introgressioii of fluid // o///. 
the relati\ely positive to the relatively m'gative bodies of <'ach 
pair : l)ut it would l>c exceedingly dillicult to understand how 
the magnetic l.odies maintained their polarity by any shnihir 
distribution of a fiuid, or of any other physical agemt, for 
whatever may he tlu^ nature of the inagiietie agent, it is ob- 
viously more d(;t(?rmiiiodly fixed or aecumulatcxl in the 
extremities of ferruginous bars by close contact, than when 
those bodies are at an appcnnahle distance from one another. 
Hence we discover that the magnetic and electric forces, 
which, at certain distances* effect such a similarity of phe- 
nomena in bodies situated in their respective localitit^s, are 
productive of no corresponding facts when I lie approximation 
of those liodies is sufficiently close. Neither do the pln'iiomena 
agree w^hich* the newly magnetized and electrized bodies 
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oxliil)it iifter they havo (luiftod those original inagnotie and 
cle(!^*ic bodies whoroon tliero'^peetivo disturlnng ibi ces rcNide ; 
for, after the separation of //,/#, and p, n, tigs. Si) and i^O. Plate 
XII, Vol. from 1^ and N respectively, the former would ex- 
hibit pofiitire and the latter nega/?nuAovXYic action : but the 
pieces of iron, figs. 5 and (>, Plate 11, would lose rdl traces of 
magnetic action, when onco they were snlRciontly removed 
from the localities of the magnets to which they had been 
attached. 

99. If it can be imagined that by substituting steel Ibr the 
pi(‘ccs of soft iron in figs. 5 and (i, Plate II, an analogy to the 
phenomena exhibited b) the electri/.ed bodi(‘S would have been 
more apparent, by the steed r(‘laining iiiagnelic. aedion alter 
(juitting the disturbing magnetic poles, T would obsevva^ that, 
its retaining some trace of magnetic action is a fact which 
cannot 1)0 denied : but in that case the steel would remain 
polar, as is always the case with magmdic bodies : and as no 
trace of polarity would lie exhibited by the (decdric Ixxlies, but 
on the contrary, an uniformity of electric act ion would lie dis- 
coverable over every part of their respect iv(^ siiirac(\s, the 
sfipposad. analogy again loses its supj ort, and as (Wdiledly 
fails in this instance as in those [jn'viously discussed. More- 
over, the pieces of steel wt)uld retain their ])olarity unimpaired, 
even after long continued contact with otlun- bodies ; whereas 
the electric bodies would lose all trace (jf electric action by the 
slightest touch with uuinsulat(‘d comluctors. 

lot). A globe, of steel may be made to exhibit pormnnenf 
juagnetic ])olarity svlum far removed from every (ti.slnrbing 
force : but tlio sanu^ globe will not maintain any corn’sponding 
electric aclion, , A plate of glass will exhibit electro-polarity, 
on its opposite surfaces, for some considerablo time after it 
lias ])een removed from the exciting apparatu.s : but magnetic 
polarity is n(;t known to lie exhibited by glas.s. If then the 
magnetic and electric (dements he id(’ritical, why this capricious 
seduction of Ixxlies for the display of these parallel phenomena 
The eicetric forces will attract all kinds of matter without 
exception ; hut tlie mugiielic forces appear to he (^.xciicdingly 
select in this particular; operating on particular kinds only. 
Coated glass, whatever may he its form, afibrds no pv.rmanent 
electric attractions, which are, in the leasts comparable with 
the attractions exhibited by magnetic liodies : for if a metallic 
arc connect the two sides of a Lejden jar, the tdectric forces 
immediately disappear ; but an iron arc connecting the poles 
of a horse-shoe magnet is permanently held there, unless 
removed by mechanical violence; and the longer it remains 
undisturbed by extrinsic force, the more vigorously is it 
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dllraclcd by the polos ; aud ther<,‘ is no known substnnce 
whatever, by which the poles of a nniq:net may bo connected, 
that will, ill the least, deteriorate their powers. 

101. '.riiose lew kinds of elementary matter on which 
mai;aietic attractions are known to be exerted, display no 
(list iiiction of respect for the;?or/// or south polar forces, being 
attracted indiscriiniiiately, and to the Stiiiie extent, by both. 

\ iwy dillevenl ind(?ed are the nice discriminations of tluv 
pos'fiire and ncifttfire electric forces manife.st<*d in an almost 
endless variety of phenoim'nii, (‘very oik! (^f wliich tecnns with 
interest, in th(M^ontempIalions of the jihilosopher, and beau- 
tifully chnra(deri'/.es the agency of tlunr production. If, for 
instance?, an intimate mixture of sulphur and red h^ad he 
indiscriminately proi(?ct« (l thnuigh tlu^ ifir to a series ofyxj.v/- 
tireljj and ncfrntirri jj (‘h‘(‘tri/t'd surfaces, tin? powders will he 
sejiarated frojn ('ach other by the dissimilar eh'clric? forces, 
into whose spheres of action they are thrown ; and the suljihur 
and r(Hl lead will resjuM't iv(dy' h(‘ found at tin? positive and 
negative surfaces, exhibiting a peculiarity of arrangement not 
known to he ai'c'oinpli.died by any other kind oJ‘ physical 
agency^* Similar s(d(‘clion.s are imilbrmly exhibit t‘d by (elec- 
tric forces, wbenov<'r tin' partich-s of comj)ounds on which 
tliey op<’ral<? an? sulliciiMitly voluble to he put into motion by 
tli(?m, or are held tog<!tli<?r liy inferior powers. I a ery individual 
electro cliemical d(?compositioii appears to be an instance of 
this kind oi' action, and demonstrates the peculiarity of this 
important fat t. ^ 

102. It has he(?ii said by IM. (l^r.sl('d, that the only dif- 
ference in tli(3 <d(ictric and magnetic forces rests in their 
dilferent degrees of tension or activity ; tln'^ ehadric being the 
mor(3 active or vigorous in its operations : and this hyjiothesis 
has fleeii attempted to l)o supporU'd by M. Ampere and other 
philosophers, whose opinions on this subject wfll long com- 
mand respect. Jiiit [ must confess that T oipi discern no 
satisfactory discrimination of this kind, m^r am I acquainted 
with any facts that ar(3 even iii the least favourable to it. It 
is well known tliat electric attractions are the most powerful 
when the bodies exhibiting them manifest the greatest degree 
of tension in the display of all other electric phenomena. The 
spark, for instance, is shown to the best advantage when the 

• 

* This fact was first shown by fjeiglitenberg. Cavallo and 
Bennet, es])ecially the latter ]iliilosopher, have extended the original 
experiments of Leightenhcrg, and varied tliom in a variety of 
pleasing and interesting ways . — Bennetts New Experimmts on hlec^ 
tricity. Derby ^ 1789. 
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electric body, whence it proceed, exhibits the srontest degree 
of a^^ractiou : and the charge of a jar is acconiplisliod in the 
shortest period of time, and with the greatest dcgive of facility, 
under similar circumstances. iVIor<H)ver, when o’ectric dis 
charges are*p(ndbrined, either from a single jar, or from a 
battery of jars, the striking distance is grt^atcst, the flash is 
the most brilliant, the noi.-e is the loudest, the physicjlogical 
effects are the most powerful, and. in fact, every phenonieuou 
is exhihiled umh'r the most advantageous circumstance's, and 
in the most perfect manner, wlien the jar, or l)attery, is in the 
most suitable condilion for a display of its attrac-tive eneigies. 

lOd. JJut now let u.s enquire into thi^ e.itent to winch 
tlectric attractions are usually oxhihih d. I las any t'lcclriciaii 
ever seen a prime conductor, (^wliicli always show s al tram ion 
more powerfully than any other electric apparatus) suj.'pi ri, 
l)y its electric energies alone, a singh' omtn: of any k.uul of 
matter!' I presume not. If, then, with this insigiii{ii;;iiit 
attracting force, ('loctricity he prepan'd for a displaj (‘f s<mir 
of its most S})leiidid and terrifle pheiioinena.“(he production 
of vivid light, intense heat, the noise of tliuudor, and the de- 
structioii of animal life : and that inagiu'liMn | roct'c'rls from 
the same (!ause or agency, it seems milural to iisk, why it is 
that similar plumoinena arc not ('xhihited to the same, or even 
a greater extent, hy a magiu^tiy.ed body whose a.ttractions are 
ten thousand times ten thousand grciiU v tiiaa any ever wit- 
nessed in electric ity ^ rhes(' im|>oitiint (jiu'slions, \vhi<rh 
stand so proiniiu'ntly and essentialij ifi the [)alh of invest igri- 
lion, demand the most profound conteiiiplal L)n o’’ the pliiioM)- 
pher, and must not he passed over in sil**ii(aj by tlio.>(? wiioan^ 
eiuleavouring to identify the electric mid magnetic powers. 
Wo Iiave yet to learn tlie iuckIc of producing d aingnetic 
sparky and arc totally ignorant of the sensation cornmunit^aied 
by a magnetic .shock. And niag^ietic chemist rtf is so [iroflmndly 
obscured from our knowledge, that no one knows even of its 
existence. 

104. If our reasoning he permitted to rest on facts alone, 
independently of favourite notions and ingenious hypothesc's, 
which are but too apt to captivate the imagination of tlie 
superlicial observer, and, sometimes, even to sap the under- 
standingof the more studious iu science, the obvious contrasts 
in the phenomena presented hy ehx’.tricity and magnetism 
enforce thmnseh es upon our notice’ loo powerfully to he mis- 
understood. Even the attractions, themselves, in which 
alone the appearance of analogy exists, are so exceedingly 
dissimilar, so truly distinct from one aiiotlier, that their pecu- 
liar characteristics are w'cll defined and citjsily distfernihle, and 
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cannot be mistaken by those who devole to them a proper 
and sulTieient (logree ot attention. 

]05. An iiiijulcited electri/.cd globular body radiates its 
attracting influence on cv<n y side alike, wluni .siiiToundcd by 
an uniiorin inediinn, such as the atinos^flieric airf as may be 
underslood by lig. 7, VI. 2, wlucli may r<^{)i<'sent a great circl<‘ 
oft be globe with its radiating electric fovc(‘. iiut a magnet i/ed 
globe, similarly situated in space, o\lul)i!s no such radial in- 
llueiKO ; for being polar on opposite points (//. s. fig. S,) of 
its surface, lln^ greatest dlsfiasahle* attracting forces iwc 
e.\(*r{ed about (ho.-e j^olar regio-js, and (^sp('cially in tin* line 
if lljcir a\is conliiuicd. At ricfbt angles to lliai axis, in the 
pi iiie ol (lie eijiialor, e c, tb<^ [)i>iar invet's, l>y llu'ir nintiial at- 
ii arlioiis nearly Jai'anee tiiw* anolher ; m^it her of t hem exliinit- 

* ll apj>i‘:trs by tli(' (list? ihiilioii of imn-liliuo • 5 , wIumi strewed on 
j)H|)er, aln>\<' a liar inagiu i., tli: I a eoasidiirabb* port itni of tlie /e^r/A 
and .vo?/f7/ forci's ar(‘ iMigagt d in altraiding oii(‘ aitofh(‘r, as slunvii 
by tl»i‘ i'urve lin(*s a^simuO by tin* tilings; and, conseijiiently, are 
not ('inployed, or, at It'a^'t, vc^ry sjniringly so, in any alt r.ict ions 
V. liii’h the niagiii't ex(M'ciM*s iUi fori^igii bodies, siarh as piiM-es ol’ 
soft iron, magnetic net'dli^s, etc*., pla<*i‘d a f(‘W indies distant friou 
ils e>:trintii1ies and in a line with its axis; or, indexed, opposite' to 
any oilier part of its siirliu’o; and, allbongh inudi more of tlie 
inagmHic force is brought iiibi play as the iron is brouglil m^ariu*, 
ami most of all when it i> in conta* t with the pole of the iiiagnel, 
there is slill a considerable ])orlion offeree wliidi cannot be exiudcil 
on this Ibrelgii iKidy, because of its bidng engaged with the oppo- 
siti^ force, about the surface (jf the steel, wludi lies bet\^eeu its ex- 
tnmjities;; and especially that wliieh is situated near to its centre. 
For convenience then, I call that portion ofifhe magnetic force 
which lies about tlie equatorial part, the nKjayvd force; and that 
\vhi(‘li is brought into play 011 foreign bodi(*s, the disposable force. 

d'he disposable force of any iiiagii<*t may bediverifxl from its ori- 
ginal dlreclions of action by the approximation of fercuginous bodies; 
and, in some instances, nearly the whole of it may be drawn from 
a body on which it oporat<;s, without moving eitlier the magnet or 
the body. M'o illustrate this point, let a bar magnet bo placed six 
or eight inches distant from tlie pivot of the needle, and at right 
angles to its direction. The disposable force of tin? magnet will 
tieflect tlie needle to some considerable nunilHu' of d<*grccs. Now 
place on each sidti of the niagrad, parallel to it, and about thrt,*e 
indu's distant from it, a ])fece of soft iron, about its own sliape and 
size. The deflection of the needle will lessen considerably, sJiowing 
that a portion df tfie disposable force has liemi diverted from its 
action on the needle. Now, bring tlie pieces of iron nearer to the 
magnet, and the dellectlon again decreases ; and w lum the pieces 
of iron are brought into close contact with the imignet, one on each 
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ing much dlsf)osahl(* infliieiico on exterior bodies. Another 
grea| chcira(*Uuisti(? distiiu-tum in the (lis})lay ot' the (‘lectrio 
and hiagiietic Ibrcos !)y those b()dies apptxirs to be this ; — llic 
electric force is wholly ilhposahlr uud ready to be ('xerted 
upon, and even tr(tnsfn'r(nl to, oilier vicinal bodies: w hereas 
the magnetic forces ar('. neither tranfiferablc nor wholly 
posahlc, for no magnet has yet been known to have its pow^n* 
impaired by (‘ontact wnth unmagnelized bo(li(\s, and in no 
case is the w hole of its allracting pow er exerted ujioiia vicinal 
body. 

lOG. I have been exceedingly anxious to discover, if pos- 
sible, some facts w'liich might atlbrd analogies whereon to lix 
a basis of reasoning on the identity of these physical agents ; 
blit, although I have met with some furthm* plieiiomena, far 
from being uniiiti‘res< ing in the disenssion, a close examina- 
tion of llunr true character has shown tlnnr evidom^e in favour 
of the supposed identity to he of no more value titan that 
cilfordcd by the (acts already noticed. 

U)7, If there be one electric apparatus more than an otluny 
whose action resembles the action of tlie magnet, it is the dry 
electric colninn^ whos(5 polar forces art' more uniformly and 
permanently exhibited than those of any other electrical in- 
strument. -But the attractive^ and repulsive powers of this 
instrument, like those in all oth<‘r electrical (irrangeincnts, are 
exceedingly heebie when <!ompared with the gigantic powers 
of a magnet; they are, moreover, direct t?d towards, and 
operate upon, every kind of matter • without distinction, 
whereas the magnetic attractions and repulsions, notwith- 
standing their vigorous action on ferruginous bodies, are, with 
the exception of one or two of the metals, perfectly inert on all 
other kinds of matter. The attractions and repulsioil^ of the 
electric column are productive of vibratory motions in pen- 
dulous bodied properly situated between the poles; which 

side, from end to end, nearly llie wliolc of tlie dkposahle force will 
be exerted on the iron, and hut very little of it, if any, will reach 
the needle so as to cause a perceptible deflection. Now, in this 
case, the exireniilies of the magnet are still untouched by tlie iron, 
an<l are, consequently, as much exposeil to the needle as when the 
iron was not present ; notw ithstanding which, it is obvious from the 
exi^eriment, that the disposable Force whi(;h before deflected the 
needle has now^ taken another direction, *aiid is employed In polar- 
izing the pieces of soft iron. The disposable force of the magnet, 
however, althougli it cannot nowr reach the needle with a suflicient 
degree of forrnidableuess to accomplish deflection, is not entirely 
engaged by the iron, a residuum still remaining, which is detected 
by bringing the needle nearer to the magnet. 
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show lluit the vihniUuf; body chansros its eh^ctiic condition al 
evtM*y conhict willi ('itluir pole ol the iiislnunenl , and acyoni- 
niodates il.velt’ to the attiactive itdhience of the opposite pole. 
When the pendulous body has eoine into contact willi the 
positive pole, it acejuires an electro-positive condiftOii, and is 
n'pelled to tlie negative pole, where it deposits its charge aiid 
hccoines (dectro-in'gativt*. U is i;ow again under (he attractive 
iidhunice of tin' posit ive polo, towhicli it is coinj)elled to make 
ciTiol her journey, and /‘/vwz whi(*h it receives anew charge 
and an ininu-dialt' succeeding n'j)ellent im])iilse, which again 
din'cls it to tin* negalivt^ pole; and in this manner lln^ sus- 
})ended body perlbiins its vil)ratovy motions, l)eing in an 
el(*ctro-posili\ o condilion whilst travelling in one dir(n*ti()n, 
•md in an elei l fo-negalive condition whilst tvavrlling in the 
otn(?r. l>y the?;e nioam^ a pnlsnforj/ enrn^nt p('rm(*a(es the 
pile from the negii(i\o to thi' pt)sitive ]K)li*, the fluid lieing 
lrans|jort(Hl through the air, from the latter to the lornnn* by 
ineejis of the pmululous body.^ 

It)s. Ii(*sid(‘S the p(‘n(hil<His motions already alluded to, 
the dry olectrie coluniu is pi oduetive of physiological and che- 
mical p>lu*n()ijirna, will emit sparks and charge coated glass 
and other inlerior (*<»iula(‘(ovs, as decidedly as charges are 
proda<‘ed by the machine : all of which are. so perfi'ctly dis- 
tinct from, so d(‘cid(.*dly Ibreign to, any knowji capahilities of 
the magnet, that (here is not to he found one solitary trace of 
analogy in the perforinanci^ of the two kinds of apparatus. 
'I he attract ions and rejailsions are the only phenonuma iu 
which llierc is a slindoir of reseinldance, whilst in rfality 
even this faint analogy has obviously no si)ecial existence. 

flelicate electric iorces which alternate^ the conditions of, 
and gi^^e ^il)ratory motions to, the pendulous l)ody, find no 
similarity of action in the majestic attractive forces of the 
magnet, which select thosi^ of tlu'ir own speci(*s only ; whose 
coeval polar allinitics mutually exalt tho action^ and constrain 
the attracted body to assume a determinate polar condition, 
and prevent its escape from tlie vigorous influence of the 
pole to which it is first attached. TIence as no vacillaiicy in 
the magnetic condition of the attracted body is produced, the 
grand essential to vibratory motion has no existence in mag- 
netics : nor can any such locomotions, as those exhibited by 

• 

* As this discussion requires experimental facts rather tlian 
theoretical opinibns, I have not, in this plac'e, enienid on tin; doc- 
trine of the dry electric colutnn. It is possible I may have occasion 
at some other time, to enter fully into the philosophy of this interest- 
ing apparatife. 
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the electric column, he produced by any known self-acting 
powfrs of (he inagiiet. 

1L9. If we are t(^look for the supposed idenlily of electri- 
city and magnetism amongst ckulro-niagnelic j/hcnonnma, 
we are still'tis far from arriving at satisfactory conclusions as 

in any other branch of tin? seiem e. It is true, w(* lone find 
soino of the nu)rit striklnj.* ‘ and iiitorest iii‘r alllnil ies w]n('li 

electricity and magnetism have Iiltherto developed ; ailinilies 
which will ever link these sciences together in the firmest 
bonds of physical union, tliough by no means identifying the 
elements by whicli (he jdienoinena are produced. 1‘lach ele- 
mental agent plays its own part in the |>rodiu:lion of electro- 
magnelic phenomena as decidedly as in those of magnetic 
(dectricity, wliose dk^play is accom])lished by the reciprocal 
excitement. 

IK). J rom the attractions and repulsions e?dii!)ited by 
wires carrying (dectric currents, M. Ampere was led to imagine 
that all magnets owe their influence to an unremitting circu- 
lation of the (dectric fluid; an hypothesis so excccHlingly 
ingenious, and so (.‘ininently calculated to favour tlu^ expocta- 
lions of some philosoplmrs, that thiT(' can he no astonishment 
excited by its gaining proselytes amongst those whose minds 
were already predisjiosed for its reception. liut, notwith- 
standing the r(‘spect which is due to the talents of those 
philosophers who have favoured Ampeue’s views on this topic, 
I must candidly confess tliat the hypothesis has always 
appeared to me to he much easier to acknowliMlge than to 
understand. In the j)r(\simt invesligation I have considenKl 
experimental facts as thf^ only data on which I can procjeed 
with any chance of siutcss of arriving at a close approximation 
to true theoretical inferciicM's, I have, tlunefoKi, neither 
ventun^d an opinion of iny own, nor permitted the views of 
otlmrs to influence the inquiry. 

111. The; imaginary electric currents to which Ampere 
refers all magnelic action, Ic'adus to enquire into the (diaracter 
and situation of their source, and by what means they can be 
supposed to be perpeiindhj and equaldy maintained, either 
on the surface, or within the body, of a steel bar. Here it is 
that we are led to enumerate and examim.^ all the known 
artificial sources of electric excitement, and endeavour to 
trace their influence to tlie operations of permanent steel 
magnets. lnd(^pend(*ntly of mngrtvjic excitation, we know 
of only thn'^e .semrees of electric currents, viz. frictional, voltaic, 
and thermal: for besides these four, there arc no other sources 
known hence if a bar of steel which exhibits permanent 

♦ The dry electric column is here omitted. 
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magnetism lias that power conferred upon it by the inihience 
of electric currents, which must necessarily be as dnralile as 
the magnetic action itself, to which of these sourc(\s are we to 
look for the si/j)j)oserl actuating current#? t)r arc tlierc otlier 
sourc^es of eliM’lric currents of wliich we an* yi't entiiely 
ignorant Hut, from whatever source those ijnagiuary cur- 
rents may he supposed to proceed, that source must uectissarily 
be silimled either on the surface, or witliin the bodj , of tlie 
sb'ol. idea of (^li^ctric currents lieing excited \)y /ricfio?i 

amongst the jjnrtic lcs of the solid nuUal, is loo absurd to Ije 
entertained for a inonnmt : and tlu' coiKlitions necessarily 
rc(iuircd for the production (if volia'te cuirc'nls, arcMio wln^rc 
to bo huiufl ill llu'slc('l: lumce our cinjuiries are in'cessarily 
liiniled to fla-nua! excitation alone. • 

J 12. Tliat tlicrino-c]<H*tric currcmls are producible in every 
picc(i of ni(Ual, w’lH‘thcr pure or (?oiij|;ouu( 1^ is a fact w liicli I 
have pro\cd by v(iry extensive oxperiiucnts, some years ago.* 
Hut it must l)(i undenstood that to produce' an elt‘ctri(* curreuit 
b> any means w^halevcr, ro(juircs a co-cxi.steuit motion in some 
of the olenicnts < uiployod during llu^ w^hob' time (lie curreut 
is llowing: unless it la; of a momentary duration only, and 
the (^nVet of an impulse, in which case the current may con- 
tinue to Ilow' for a short lime subseipnmtly to the terminal 
exciting impulse. \V lien a current is pvoducc'd by an chictricj 
machine, the glass cylincU’r, or plate, as the casi^. may be, is 
necessarily k<'pt in motiom Wbtfii a voltaic combination is 
lln^ electric sourca* tb(» Ithernled elements of the litjuid in the 
battery arc put into motion and become v(;hicles for the. trans- 
portation oi' the ('h'ctric Iluid to and Iroin the solid parts of 
the arrangmnent : and a tlunano-electric current dt'pcnds upon 
the inmiomof li.e calorilu^ inaNcr: for when that t'Icment is 
perfctL'lly at rest in the combination, tin', eb^clric current cease's 
to llow\ 

113. b"rom the above considerations it apjiears, that a 
perpetual propagation of tlmrmo- electric currents on tlu^ sur- 
face^ or witliin the bo(Jy, of a steel magnet woul-l rccjuire a 
perpetual motion of caloric wit liin its mass: which niolion, 
unless tin? production of sonn? hidchni, mysli'iious, and unsus- 
pected agent within the steel, would n‘(iuire as continual an 
influx and ellbix o{ the calorific ch'inentfrom and to the. sur- 
rounding ined’uin. iM(n’(‘over, tin? laws of elect ro-inagneli.^m 
recjuire that the dinntliorp of the electric currcnts sliould be 
at right angles to the axis of the steel bar ; and the ingenious 
author of the hypothesis ha.s ventured to assert that their 
route is in that direction, in a series of paralh;! sjnrals round 

* Pliilosopliical Magazine and Annals of Philosophy, vol.x.p. 1. 
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its surface."* Such, then, are the necessary conditions upon 
whic^i Am[»ore’s hypothesis essentially depends; and being 
now, probably for the first time, disrobed of their mysterious 
lial)iliments, 1 must ifecossarily resign the glory of their dis- 
corenj to those philosophers who still eiU(n*tiiin the idtui of 
their existence in the stciel, niul who may possibly be eiuiblt^d 
to pejielrate the subject still (leper than 1 have investigated 
it. But l)efore I <juit this imj)ortaiit topic, 1 will immtion a 
few more facts, which to me, have appean^d of some C(mse- 
quenco, and can hardly tail to he interesting to others who 
may he in(luc('d to pursue the empiiry. 

1 H. If tlic tempera! urc of one fxtremity of a steel hnr be 
elevated, and, by lhal process, (dectric currents become excited, 
those currents would 'nec(\ssarily he mon^ powi^rful than any 
which can .sui)[)OS(jd to exist in the metal at its uatnral 
temperature: and if the other extiemity of the steel W('re to 
he lieated, and again Ihermo-cdectric currents he produci*d in 
it, thc^sc lattm* currents would be propagat('d in the oj)p()si(e 
direction to thi^ fornuT, and conS(i(|uently the magnetic forces 
which they lu’onglil: into play would hn <^xer(ed in the reverse 
ord(*r to tliose which the first currents excited : and these 
artificially ('X(;ited dec! ro-magnel ic foreexs being morci powerful 
than any which tin*. naUiral electric currents could 

producer, they would pr<‘domimil<; o\(^r these latter, and give 
new en(n*gi('.s to the har, reversing its poh‘S in accordance with 
the directions of the curreats. ihit on making the. (experi- 
ments, and carefully examining the jdienomeua, I find that 
no such (! 0 ]Tesponding changes have taktm place in the polar 
forci^s of the magnet : and, although the poles themselves are 
C()nsidera])ly molested during tlu' umujual temperature of the 
extremities and oilier parts olM he magnet, arid ane removed 
from their original posiljons by the healitig process, iln^y do 
not assume those (jositions and variations of force which the 
thermoelectric current would micessariiy give to them, were 
tlmy governed by no oilier influence :t hence 1 infer, that 

* Anuahis dtj (.’liiniie (;t ck* Physitpic, t. xv.: and Ampere’s 
Uecueil (h^s Observations Klectnxiyiianiimies, 

+ At the linu' this iiKuiioir was fii*st drawn up, only a few ex- 
periments had i)e(*n made on this part of the en({iiiry, llie general 
results being sucli as are (h'scrlhed in the text. Ihil, whilst writing 
a fair copy tor the pirss, I was hul t(>*reconsid(M' this j)art of the 
snbj('et, and it occnrml to nic^, that % pursuing the exj)eriments, 
soine ivsults might probably ajipexir wliicli wouuhbe interesting in 
the theory of terrestrial magnetisin. f, therefore, rc'sumed llie 
etupiiry and lmv(J been h‘d to some novel facts whicli, to lue^ have 
appeared exceedingly important, by throwing a new light on the 
action of calorie on maguetism. They will be explained in the 
'I'hird Memoir. 
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thcrmo-eloctric curronts do not constitute the su.sloiiiitisr 
powt'r of th(j magnet . , 

] I.;. 1 next su])jectod a steel bar magnet to tbe inlluem e 

of electric eurreiits proceeding from a voltaic* j>air of ( ()p{)er 
and zinc. 'J'ln? voltaic combination was of the •(cylindrical 
shap(c and siz<!, which, as is well known, I hav(c long employed 
fen* (»lectro-magneti<‘ purposes, the zinc being surrounded with 
brown paper or calico, to prevent contact with tlui inside of 
the cop])er ; and the whole placccd in a pint porcelain jar, the 
exciting liquid bi'ing a solution of nitrous acid in water. 'Ihe 
magnet which I employed was of hard-cast stetd ; — cylindrical, 
and about (j iriche*; long, and V* of an inch in tliamelor. It 
was W(‘ll polished on an emery wheel, and of coiislderahle 
power. It would lift, by one of its a ])i(‘C(^ of soit iron 

of its own Wi'ight. A piece of soft iron ol‘ precisely the same 
figure and dijiumsions as the magnet, was also ])rovid('(L A 
single Imlix of copj)er wire. No. Jo, ol the same lengtii as the 
magnet, was fornu'd on a hollow jiasichoard cylinder, of suf- 
ficient width lor llu^ easy introduction of llu? magnet or iron. 
W itli llnjse preparations, and a compass-ne(‘dl(» furnished with 
an agate cap, and supp(»rt<'d |»y a fiiu» stetd point, the experi- 
ments W(n*e carrii'd on in the following nuu^ner. 

lit), ^^h(m tin' nuuidian line of tlu' compass-hox had 
be.<m adjusted parallel to the needle at rest, the ludix was 
placed on the ('astern sidt' of its pivot, with its axis in the 
sanu' horizontal plains as, and at right angles to, the axis ol‘ the 
needle; the mxiresl extiannity being 12 iiichesfrom the needle's 
pivot. Fig. it, IMat(? 11, is a representation of the arraiig( 5 - 
ment^ where is the compass-hox, I I the helix, and 15 tlie 
hath'ry. Before* the l)atl(*ry coimoxions W(*j;/[^ inadi; with the 
helix, the nvugmd was introduced to tin* interior of the latter 
with Xs marked end nearest to the needle, cousc'eiuently at 12 
inches distant from its pi\ot. 'Jdio south (*nd of the mu‘dle 
was drawn towards tlu* magnet a ca*rtain numht'i* of (h'grec'S, 
and this deflection he ing not(?d, the magmd was taken outof 
the helix, and K'plaeed again witli its poles in the reverse 
order, by which nuxiiis tlu* north end of llu^. needle was drawn 
towards tin; magnet, which deflection was also notcxl. 'Jhe 
magnet’s action on the iietxlle being thus ascM'rtained, the 
electrical force of tlui battery was laid on, whilst the magiu^t 
was in the helix ; and when the dellection arising from this 
combined forces had been asVtTtained, tbe battt ry comu*xions 
w'ere revei>(Hl, asid c()n.'.c(|ueiillj" the dircctioji of tlu* cuin iit 
in the ludix was rcveised also. 'Fhis last direction ol llie 
current gave a new d(dle(^tion of the needle, whith, after 
being ascortA,iri(Hl, was’ also noted down. '1 his don<^, the 
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magnet was reversed in the helix ; and when the deflections 
of the needle arising from the «:urj cnt traversing the helix in 
eacn direction respectively had been ascertained, the electric 
current was finally cut off, and the deflecting power of the 
magnet alttae again ascertained in the same manner as at 
first . 

117. The bar of soft iron was next placed in the helix, 
and the eletilric current again laid on; and when the defiection 
arising from the pcilar torce of t!ie ir<<n, |jy the nr.sl (.liroction 
of the curnmt, had hecn a.scerlaiiied, the battery connexions 
were reversed, and with tlieni, of t!onr.se, the jjolarily of the 
iron was r<ivers(al also. The new delleclion was noted down, 
and tlu' iron finally removed from the helix. 'J'he deflecling 
pow(“r of the cm rent alone, w'lioa no iron nor magnet was in 
tl.M* h(‘lix. was also u.'cerf ained at <liflerent times during these 
expe.rlmetits ; two sets of whit'll wore made with two dilferent 
batteries — the former l)y an old battery, and the latter l)y a 
new one. '^I'he rt^snlts, with ail (he necessary particulars, are 
arranged in the following tables: — 

FlliSr SlvIllli'S OP MxPJiKIMENTS. 

Defteclinns trilk the lungind /// the ludir, irtth and u illioitl. 
the. clactrlc current from the old balUirij : und magnet 
retouched. 


With or NMthout 
tlu* ctirrciil. 

or unnitiiKoii viu, 
of tlu* tii.igiK't 

to the rwt'dk . 

or South eod of tlu> 
SiOOiHo <lr luii iow.irds 
11m* iii.’igtu’l 

I)t flt'clioiis 

Without . . 

Murknl 

South 

15 

1 

nitlo. 

1 'niuurkrti 

North 


2 

Willi . . . 

IMarketi 

South 

17 

3 

Ihirrunt roverstMl 

ditto 

ditto 


4 

¥ 

With . . . 

I l^nmarkrd 

North 


5 

Currrnt ro\ (.’r.vi'tl 

j ditto 

ditto 

\y 

1 

0 

aiunc . 

(Jniuarkt'd 

North 

i:r 

7 

nittu. 

1 ditto 
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1 18. The electro-magnetic force in the helix alone, by this 
battery, produced no perce^jtihlc deflect iou of the needle : hut 
W’hen the soft iron was placed in the helix, tlie mean of seve- 
ral deflections, with the currents ip different directions, was 

17 ". 

119. lly taking the mean of the deflections 3 and 5 in the 
table, which are those obtained w’liilst the electro-magnetic 
action of the current conspired w'ith that of the magnet, and 
comparing that mean ) wdth the mean of the deflections 
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with tlio soft iron (17''), we find that they are nearly to the 
same extent. And hy eomparing these again with delleclipiis 
1 and which are due to the magiiet alone, we discover that 
a current whicli is incapable of exalting the original defle(!t- 
ing power ol* (he inagnct 2'\ is yet caj)ahle of racing a de- 
flecting power in soft in)n,e(|iial to tin* whole of that e\hil)it(‘d 
l>y (be magnet. ev{'n when aided by the intluence of the cur- 
rent. d.scover also, liy (hdleclions t and (5, (hat the same 

curreni, when exerted in oppositio/i to the energies of the 
magiu't, is incapable of couuteraeting more than one-half the 
delleciing power oi tln^ latter. And wo h'arn, h\^ comparing 
defections 7 and S, wliich arc' those dne to tin* inagiKd after 
being subje(.‘ied to tlu! rrrrrst' eh'ctro-magnetic action of the 
ennamt, with d<4h'ctions I and ‘2, fbal tlie santr elec’lric cur- 
rent, wbieh excjled so great a poWiU* in soft iron, was inca- 
pable of reducing tin* portnftnenf. action of llic magnet more 
than onedifth ol' that which if originally exhibited. 

Sr.coNo Si.:ini;s of J^xinaoMKNTs, 


Drflt'VtfONs irifh the md^nrt in the heti.r, irttk (wd 
u'ithout the f leet ric eurrevt. with the new hnttenj : and 
nidf^net retonehefL 


VV;t!i (ir wr.linut 

tii«‘ lit 


iWithoiit . . 

h)ifto 

\V itli cum.' lit . 
iDitto roersi^fl. 


Msi^iirt al«)Tn? 
Ditto •. . , 


•Without 
;Difto , . 

I With current . 
•Ditto reversed. 


llVIagnet alone . 
jDitto . . . 


Mih IumI <ir inmiiukcl ( ml ! North or South «‘n«l ol ilu i 


1 

1 

ol Iho MiMfosl 

m'oilh* ilrawii 

DeOciMuui^ i 

tho mTillo. 

IIm' \ 



\'arkcd 

South 


1 

C iiuiHr'.ed 

North • 

ID' 

2 

Marked 

South 

‘2;i ■ 

.-I 

dlUo 

North 

• 

J' 


Ditto 

South 

ir 

5 , 

(Iniiiaikcd 

North 

‘.D 

fi 

JMa ^n et. re - nia^ n e t iz ed. 



Marked 

South 


7 

U 11 marked 

North 


8 

['iimarked 

Ditto 

•27 

1 9 

Ditto 

South 

2’ 

10 

Ditto 

North 

8’ 

11 

Marked 

South 

10* 

12 

• 



— 
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With this battery the soft iron gave a delhiction ol IH ; 
and the current alone, without either magnet or iron in the 

helix, about 1'. • t i , i 

1:^0. Ill thi.'^ second scries of experiments there is di.spiayea 
a manifest superiority of electro-magneiic action over Ihao 

Voi.. IV. --No. 19, Jnhj, 1S30. ^ 



50 Mr. Sturgeon’s KrperJmenf^al and Tlienrotical 

shown by the okl battery; although (lefle,(*tioiis 4 and 10, 
shi^w that the (‘lectro-inaginuic action coinpletcily counter- 
balanced the deflecting force of the steel magnet, deflections 
5, (5, 11, and I'J, as obviously demonstrate that the original 
magnetic power was very far from being annihilated, and that, 
notwithstanding tl:e vigorous electric (Uirrent to which the bar 
had been subjt^cted, tin* latter retained about one hall ol its 
original power, which that current was unable to subdue. 
Indeed it appears from both seri(*s of t‘\piTimems that a, 
groat portion of the (*leclro-magnetism of the lieiix operates 
merely on the disposahle j)art of the inagners force, and 
diverts it from its original dinn-tion, in tin* same maniuT as 
soft iron, or other magnets would do; and the electro-imig- 
m»li(* force thus engaged, is prevented from assisting the other 
portir)!! in (‘Oiiferring perniaiieiit eHeelson the steel. V> h(*u 
the eoiistraining electro-magnelic forego is nunoved, the lilan- 
al('d disposable force of the magiiot with whi(‘h the former 
laid been engag('d, again resumes its origiiiul direct ion, and 
gives the needh? a new deflecticae in tlni same direction^ 
tiiough not to the same extemt as at first ( Df^lleclions 5, (>, 
11 , U.i 

121. I am not aware that any one would venture to assert 
that electric currimls.. more powerlul than those employml in 
thest' experiments, still (*\isted in the steel: and if not, to 
what cciUse are wo to allude tin* retaiiu'd magnetic force 
l'luu*e must he some agmit in operation which still Mislains 
the polar actitiu, and resists the energies of the assailing 
electric current. That agent cannot be ch'ctricity, or it would 
liave hem subdm*d by llie counlcwaction of a sujicrior cleetiie. 
force; it must, llier<*fore, bi* admitti’d, t hat scane other phy- 
sical agent, pt'ri'eclly distinct from (he ('leclric, pre^des ovc'i* 
the |M)lar forces of the steel magnet. 

122. I am well aware that, had the electro-magnetic force 
of the current been more powerful, the magnetic fon es of the 
steel would liavesuiiered to a greater extent; and it is possible 
that an electro-magnetic force might be enij.»loyed of suflicient 
extent to completely annihilate the original polarity of the 
steel, or even revers*^ its polar action; but I should wish it to 
bo undtTstood, that to accomplish such an clfect, the electric 
current employed must be very powerful indeed; and whatever 
extent of polarity might be exhibited by the steel after the 
removal of the exciting electro-magnetic force, the reie?iflo?f 
of that polarity could not he sujiposed to depend upon that 
abi^ant excittw, any more than the polarity of this, or any 
other piece of steel, could be supposed to he sustained by the 
absent magnet which first excited it: and our present know- 
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lo(l<?e of electro-dynamics does not permit us to indulge in the 
idea that any sustaining electric currents remain in the stCel. 

123. AV(' hav(^ seen by ihe preceding experiments, that 
the power of the magm^t was considevatdy h^sseped hy the 
action of tlu? electro-magnetic force in the helix; but it must 
be ol)served thiit tin' latter force had no sif.slainin^ power to 
<*ontend with, e\cepti»ig that e\en'is(*d hj the retc'iition of 
th(' stet'l: hut if llie magnet he placed under the inlliienci^ of 
ii sffstainin^y magneli<; force' during tln^ time it is assailed hy 
lh«' ('h'ct ro-magnetism of the helix, it will ht' found that the 
latti r is too impotent to make any otlu'r than a very slight 
permanent impression on tlie original power of the sl<nd mag- 
net: and, and('r some circumstances, not#(he slight('st im])rcs- 
sioM is accomplislic'd. To provt' this fact, I place tlie marhed 
end of a magnetic bar, s(‘venleeij incln\s long, in contact with 
tlie mnnarhrd end of tin' six iin‘h cylindrical magnet whilst 
plai'cd in (he helix, the marked end of the latli'r being neari'st 
to (In' ne('<ll(', as n'pr<'S(*nteil by lig. lO, Plate 1 1. 1 now trans- 
lidl t be electric em rent tbrougli iht' helix, in a diri'ction which 
ti'inls to neul raliA(‘ tln^ magnetism of the inclosed bar. The 
current is con ( min'd for more than a minute, after which it is 
r(Mnoved, and as speedily as possible, the. long sustaining mag- 
net is reinov(‘d also. 'I'his done, the dellecting powt'r of (In*, 
cylindvi(i magin't is again ascertained. 'Tin', following table 
shows the n'sulls. 

Tnino SniTiLis ok biXPHioMKJ^rs. 

Di^flrrtions trith ihp mn.<^nrJ in thv helix^ trit/i or u ithout 
ihe elect ric enrrent^ from, a nem Indfert/, 


Willi llu 

^‘U-rtrir i-ui rtuil. 

]\IarK*Ml t>i i k« «l |n>l» 

nl' till’ III: It) 

llu 

N. i»r S. ojiil of till' 
:itlr:ictci). 

iUe 11 Hi- lions 

\\ it lion t till rurrf.-ta 

niUc) . 

Cttmarked 

Marked 

North 

South 

.sr 

Ditto 

Ditto 1 

.sustaining iiing- v 
net attar lied, i 

Ditto 

t)r>' 

With the r.urrcnt j 
tending to ncutralizu ^ 
|the magnet . . • ? 

i j 

! Ditto 

! 

Ditto 

59^ 

Current and sustain-* ^ 
ing magnet removed y 

1 lUarkiMl 

1 t'nmarked 

Ditto 

North 

t>r> 


121. I next place the cyliiulrical magnet under the influence 
of two sustaining magnetic bars, each 17 inches long; suh- 
mitting it, at tlic same time, to the action ol an electric cur- 
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rt^nt, tendiiij^i;' to neutralize it. The cirran^^euieiit is repre- 
sented by lig. 11^ iiiul llie results W( re as IoIIdvv?. : — 

Fockth Seriks of Experiments. 

Ah*;in tlrtlorMon of 
bolii poll's of lliij 

IJelbre tin* inafi^iiet was .subjected to the action 
of tin; current ...... 

After the magnet had been sulyected to a cui*' 

rent tcMidiug to iK'utralizc it . . . ‘il ” 

12.^. When under the sustaining force of two magnets, we 
find that tlie electric curient makes no inijn-ession on the 
small magnet on whicdi it operated, 'fhe trilling power which 
the magnet gained during the i‘xperinicnl, was obviously due 
to the inlluence of the bars betwetm wliifdi it Wcis placed, d'he 
additional pow<;r given to the intervening magiic;t, l)y this 
means is, howc;v<’r, but very small, never amounting to more 
than 2" of deflection, as I have ascertained by several expe- 
riments, by permitting the cylindrical magn(;t to rcimain be- 
tween the p()le.s of tlie two large oui.^s, as in lig. II, for two 
minutes ill ca(;h experiment ; w hich is a nuudi longer time 
than it remained under the same influence after tin' removal 
of the electric current in the preceding ex[)(*rimenVs. I lence, 
since a sustaining magnetic forc(* may !>e emplojed to any re- 
(juired extent, the obvious iuiereiuH; is this. An (dectrir. 
rnrrent, hoirere,^' pntrerftd ^ is capahh* nf impairin g the 
potrers nfa hturd steel map^net ^ whilst the latter is tntder the 
profertin^ influenee nf a proper pin e! p ma^netie fnrre, 

12(). Ha\ ing. ascertaiiusl that tin; sir^ aining magin'lic; 
force do«'s in.t o’m rate as an exciting power ( 12.5 I -was led 
to suppose lliui the power of the frroteeted magnet is sus- 
tainevl by the niuUial attractions of its own disposable forces 
( U)5, note) and tho.^e of the .sustaining magnets : the north 
and south polar forces engaging with each otliLr too intimately 
to be disunited by the assailing electro-magnetism in the 
helix. d his view of the nature of the action led mo to try 
soft iron as a means of sustaining the power of the magnet, 
whilst the latter was subjected to the action of an electric 
current, considering that a portion of the di.spo.sable force of 
the magnet would bo employed by the iron, and thus be pj’o- 
tected from the assailing electro-magnetic force ; but it was 
found by tlie experiments about to be described, that soft 
iron affords no protection whatever to the magnet when 
assailed by a conver.se electro-magnetic force : but on the 
contrary, the iron facilitates the subduction of the original 
powers of the .steel magnet. 



. H ('searches in Kleia ricittj, 53 

127. The experiiiieuts were made by placing tlir oylin- 
diii-al magnet in the lielix, and ascertiiining its deflecting 
}H>wer on the needle at the original distance of 12 incln^s. 
I hen placing in cojitact with its remote poh' a cylindrical bar 
ot soil iri'lJ, () inches long and about an inch in cliainel<M\ An 
additional deflecting force is thus given to the niagmd, wbieli 
delleetioii is also noted down. AuollnM* bar of soft iron, 3/ 
inelu's long, and about the same thickness as the former, was 
iM'xt pl:u ed in eoiilaiit with that po!eof the magnet m^urest to 
the ne('(ll(\ and tluMU'W deflection thus given to the nei»dle 
als.) nolcvl down, ddiis done, the electric eurrent from anew 
hatt^M'y was Iransmilled through the helix, whose maguelie 
powi'rs wen* o])| o>ed to the powers ol* the imelosed magnet. 
'Jdi(‘ following table shows the results : — > 

l^^irrn Skriin ok Kmm: kimkn'is. 

Dejlcrtians irlth magnet in (hr helir, trifh and trifh^ 
out lh( saft iron and clcrtrir cnrnnf funn a vetr ftafft rij. 


\\ i!li o.- \\ ithoul till* sttit 
tiini rh'ctrii- ciirt i iil 

M,irU<Ml or iju 
l.irUtMi flid IMMl- 
•Sl l»» llu* IMTilh* 

N. or S on.! 
ot iummIU' 
ath'.K'li il 

U« lint tioi. 


j \V itlifiul I'uri'Mit or iron . . . 

MaiUil. 

South 

. 

30' 

1 

1 VVnii llir lar^or ol’ iron . 

rlltlrt 

ditto 


0 

; VVitli liolli pic<-t*H ot ir<in , . . . 

ditto 

d 1 1 to 


■ 

|l)o. with a i-onvfiso oli rfrir nirronf 

ill it 0 1 

- i 

North 

10 tlirn 19 

\ 

1 

it iii'rt’ot rut oil*, Init iron mnainin^ , 

ditto 1 

• 

Srmlh 

i 

1 

1 ^ 

!'\la«*;n«'t a lour 

ditto 

dittr 

10- 



12'^. -The priiicij:al cireiiinstanees to he noticed, in these 
experimenis, an^ the singular changes of polarilv by tluj soft 
iion, and the final subduction of a great portion of the force 
ot the magnet. l>y deflection 4 we see a transposition of 
polarity bv the action of the current. 'J he new deflection 
thus givi'M to the needle at first rose to 40 , hul gradually sank 
down to 19 , when^ it remained peiinaiieiit for sonu' lime. 
This reduction of the deflection was, of course, depemdent on 
a reduction of polar energy in the lu'aiest ])ieee ol iron : and 
as the polarity of the iron depended on the polar condition of 
the magnet, we learn tha*t the transient transposition of its 
polarity IS accomplished to the greatest extent, immediately 
after the current has got into full play, and that it gradually 
subsides fur al)Out one minute afterwards, at w hich time it has 
arrived at its minimum. .These versatilities in the poJai* action 



54 iVIr. Sliirgeau’s Jirperhnenlnl and Thcondicol 

of the magnet are observable in all eases when it is subject eil 
to a converse electro-inagnelie action, whether there 1)0 any 
iron attached to its poles or not, thougli without iron they are 
not so great as when that metal is present. 'J'h(‘y are exceed- 
ingly curious, and arc involved in a theoretical principle, 
whi(!h it LS not necessary to enter into at present. I{\ com- 
paring deflections 1 and (> wo tind that the magiurt has lost a 
considerable portion of its power, w bicb portion is gia'aUu* l)y 
or S'" than that usually lost when no iron is present, all other 
circumstances being tlie same; which show^s that the attach- 
ment of the iron to its poles facilitat(*s the subduclioii of the 
original powers of the magnet. See al.so the lirst and second 
series of experiments. 

121). I had next, recourse to tlu^ reverse* process of that 
which W'as pursued in the last experiment. 1 i)laced llie soft 
iron cylinder in the helix, and attached one pole of the cylin- 
drical steel magnet to that exlrcniity of it which was ncar. st 
to the needle ; and whilst thus arrangcHl, an (‘Icctric (‘un t'ld 
was transmitted through the helix. I'lm distance hetwiM ii 
the pivot of the needle and nearest pole of the magnet was 12 
inches. The following results were obtained : — 

Sixth Skihms ov Kxpkkimknts. 

Deflections. 

Magnet alone, prior to being'plaeed in the 

arrangement .... I>S^’ 

Magnet attached to the iron bar, tbc latter 

being under tlu^ influence of llu^ eurnMil . 15 

Magnet atone, after lluMvou and current were 

removed ..... IjS 

I'lu^ magnetism of the soft iron left no additional pjTmaneiit 
power oil the steel magnet. 

130, Having ascertained that an electric current is 
capable of subduing a considerable portion of the original 
power of an unprotected steel magnet (lit), 120), it became 
ail enquiry of some interest to ascertain whether or not the 
same current, with the magnet reversed in the helix, was capa- 
ble of restoring the power which it had previously subdued. 
For this purpose, the cylindrical steel magnet was retouched ; 
and after its deflecting powder, at the distance of eight inches, 
had been ascertained, it was subjected to the action of an 
electric current from a perfectly new battery, whose copper 
expo.sed about a square foot of surface, with a proportiomde 
rolled zinc cylinder insid(\ The battery was made’’ exceed- 
ingly active by a solution of nitro-sulphurio acid. The 
following table show’s the results. 
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SeVL'NTII SeRIKS OE ICxPEUIMENTS, 

MayriPt alono, previous to iis exposure I0 \ hr ciuTcnt 30 ' 
Ditto at't<'r being exposed. to a nmrersr eurrent ’ 

Ditto af’ler l>eiiig exposed to a dtrcct eiirjM'nl ‘J.V 

Ditto after a seeoiid exposure to ditto . . J2()“ 

Ditto ixWvY several other (ixposim^s to ditto . 

l‘il, ]‘Voin thi.s series of experiments, we learn that the 

aetiv(‘ eh.'elri(^ cHirnnit here employed was incapable of rc^- 
storing of tliat portion of the deflecting force, of a newly 
magneti/ed hard si ('el bar, which it was pK^viousJy emibled to 
subdue, although as powerful during tlu^ one process as during 
tlui otht*r. This (‘\ce(?dingly curious fact I havt^ found in tlu? 
results of s^'veral otlu'i* exptMimeiils, and with l)atteries of 
dlifeveiit powers. flut tlu' Sciine law does not hold good, un- 
l(\ss the magnet has been magnetized to a high dc'gree pn> 
vioiisly to its beijig subjected to the electric currents ; n<jr, 
perhaps, will it I>e found or/irrafli/ exac't. (‘\en undt r these; 
circu)nslanc(?s, although I hav(^ not nu't with any n'sulls in 
direet contradi(M ioji to it. And alihough tlu' ratio of the 
sif/jf/f/cd iiud rvistorrd forctnnay vary, I have; causct to beli('V(; 
that in no case will tlu; rcslon d force he mon; than oni^-half 
of that which had Ixmmi suhdac'd hy tin; same current, wlum 
tile, magnet employed is hard cast steed, and not Ixdow the 
dinu'ijsions of lliat which 1 have^ descrilied (1 1 oj : and thcj 
voltaic plab's of proporl icnial magnitude. 

132 . Anotlier iultua^stiug fact presentecUitself by ni'iitral- 
izing the cylindrical steed bar, aiul aft('rvvards‘m;ign(^lizing it 
])y tlie elcctro-magiu^Jic action in the helix, wdiilst the latter 
was transinilling a copious and active* curv('i>l from the batte*ry 
last de^*icrib(*<l ( 120), furnished with a new zinc. The deflect- 
ing powen' which the steel acrpiires, hy this proct'ss, is about 
ono-half of that which it e'xhihits by means of ordinary mag- 
netic excitation. I have; doubh'd and lred)h?d Ibe coil In the 
helix, blit in no case, has the magnetic power of tlie slee'l iii- 
ereaseel above that 1 have just mentioned. The facts developed 
hy these e'xperiments, arc partly attributable^ to the; magnet ie; 
force receiving ditterent forms of distribution by the nuigru'tic 
and electric processes of excitement ; tliough principally from 
an absolute incapacity in the latter of bringing forlli th<.)se; in- 
tense magnedie; forces \vhi,cli liard steed is susceptil)le; of dis- 
playing. ddmre seems, indce;d, to lie a vigeuous teaision in 
the magnetism of hard steed, which that of ediictric curremts 
cannot competes with in vanquishing those forinidahJe rex^i.st- 
ing forces pres(?ntcd by hard ferruginous hodie'S, whilst unde.;r- 
going the magnetizing process. Kven the magnetism of soil 
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iron, when brought into play by electric currents, though 
much more abundant in quantity, is of far lower tension than 
that of hard steel. I'his curious fact maybe shown by experi- 
ments with two horse-shoe magnets ; one of which shall be 
soft iron, brought into play by electric currents, and the otlnu* 
a permanent one of hard steel. A\'hen the crt;ss pieces of 
both magnets are of soft iron, the iron magnet w ill ha\ e tlio 
greatest lifting power; ])ut whenbodi cross pieces are of hard 
steel, the steel magnet will ha\ e the greale.st : and tliis is ilnj 
case even when the power of the iron magnet (with sofi iron 
cross pieces) exceeds llie olher to a considerable extent. 

Ida. '['here is a reinarkable phenoineiion observed whilst 
magnetizing luird steel by eu'cUic currrnls. '^I’he detlccling 
power of the steel is much g: cater whilst under the doniini(;n 
of the current than after the latter is cut off. Now, as tin* 
helix alone exhibits no action on the i-.erdie ( ! 18, IT.)) the 
experinieiit shows that then' is a temporary dis[;osabl(j tbrce 
excited even in hard steel, which that melal d(H\s md exhibit 
when the exciting cause is reniove<l. This fact pro'oahly 
arises from a new distribution, rather than iVoin an absolute 
loss of the magnelisin iirsl ex(‘i(('(l by the currinil. 

lai. Having ascorlaiiied that I lie existe nce of eh'ctric 
curnnits is nowhere to Ix^ found in permam-nt steid niagnels, 
(114) and also demon.strated the iiiaib'quaev of eba tru! <'\- 
citement to the production oi’ tlnit extent of niagiH4i(‘ energy 
ill hard steel, which is >useeptii)le ol dc'velopinent by the 
onlinary process af niagnetization ( Idl g it may now be in- 
teresting to iiKpiire liow far the doclrine ol’ stfstmts of elec- 
tric currents is siisix'ptible of application in explaining the 
phenomena exhioMod hy pi'rmanent steel magnets. 

Id5. Let N and N', lig. 1*2. represent transverse sv etums 
of two cylindrical systems of electric currents, both of which 
are flowing in the same direction, as n'preseuted by the arrows: 
and let these c>liinlrrs he prolonged parallel to each other to 
any reipiired distance hehind the paper. Now, because of 
the electric currents on the cidjacent sides of these cylinders 
running in opposite directions, in every pair of parallel sec- 
tions, similar to thosi^ represented on the paper, those cylinders 
will exhibit a repulsion for each other throughout thinr whole 
length, or from end to end, according to (he primuples of 
electro-inagnelism, 1x4, now, the remote extremity of the 
cylinder N be turned towards the spectator, permitting the 
c\linder N to remain unmolested. Ihider these circumstances, 
the same extremities N, and N', of tlie two cylinders whose 
adjacent currents, in the former case, flowed in opposite 
directions, will now flow in the same direction, as may be 
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iimlerslood l)y looking at fig. l;i : and consequently those 
oxtreinilies will attract each other. Again, let the arrows in 
lig. 14 represent the directions of two cylindrical systems of 
electric currents placed at right angles to each other, as V 
and (y. 't in; adjacent portions of these currentsiflow in the 
.‘.aino direction, and consequently will attract each other. 
Now place the chHtro-magjielic systfun in either of the 
positions rej)i(\sen^ ed hy l:g. 15, and it is seen that the. 
adjacent currents in C and ( now flow in oj)posite directions, 
and will consecjueiuly repeJ each other. ^ 

lot). l^Voiii the al)o\e illustrations vve learn tliat (lie e\- 
tnnnitiesof two systems of (dectric ciurents will either attract 
or repel eacdi other, according to the positions in which they 

are placed, and that they do not exhihit ^iny specific polarity 
ill the manner ol lerrugiiKUis magnets, who^.e attractions and 
rejiiiKioii-* have no i!t ptnuhnice wlialevm* u[k>ii the positions 
ill wliich tliiMr e^tremiiies are placi'd with resp(*ct to each 
ollif'r, hill au* invariahly reirrrible to their specific polar 
dial Mctm*. '] here is, iudiunl. a striking distinction in tlui 
d;sirihulioii of llu' magm tic force' of steel bars, and that 
exhibiii'd l)y ch'ciric condueting wires, whelhi'i* the kilter be 
in a simi)le slriiiul, or coiled into any i>arli(ailar fashion. A 
condueting win' foi ined into a hollow hdix displays l)ut \ery 
liltk‘ polarity e di viorly. in tlu' direction of its axis ( I IS, 119,), 
bi’causi* of the inner anil outi'i* skies of the coil exerliiig their 
magnetic forces inopposit(>: directions: l)ut with liollow steel 
magnets, the polar forces of each individual^exlreinity coii- 
spirti with each other, and operate in concert upon viidnal 
lerruginous matter, whciher previously polarized or oth(>rwdse; 
and ill precisely the same manner as such nir^tter is operated 
on by .vo//i/#inagnels. J lmicc* it is, that a polarrzed needle, 
or smm.ll har, freely suspended, with its centre in the equatorial 
plane of a hollow steel magnet, whether inside or outside of 
the lube, will invariahly assume one and the same direction: 
whereas a similarly suspended needle, with reference to, and 
under the influence of, a hollow system of electric currents, 
would assume one direction when within, and tl^ opposite 
direction when without, the system : and as this peculiarity 
of magnetic arrangement would attend every system of electric 
currents that can possibly he formed, it is just to infer that 
the distribution of force -display cd by steel magnets, or by 
loadstone, cannot 'be imitated by any system of electric cur- 
rents w hatever : • and I'ice versa, the exquisitely uniiorin 
arrangements of enveloping magnetic action, so beaut il ally 
displayed around electric curre.nts, appear to be totally 
inimitable by* any known forms of ferruginous magnetic 
bodies. 
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lo 7 . It would 1)0 an almost endless task to examine every 
fact that might he brought to hear, directly, or indirectly, on 
the subject of this investigation. I have not dwelt on electro- 
magnetism to the extent 1 would have done, had my theoreti- 
cal views <011 that dejiartinent of electricity not been already 
before the? public, although I have <;ited those eleetro-mag- 
netic phenomena which appear to be the most important in tlie 
present discussion. In other departments of electricity I 
have enumerated such facts as have appeared necessary to 
collate with jiurely piagnetic phenomena; and having dis- 
cussed them individually as I have proceeded, a retrospection 
would be netidless in this place. The inference to be drawn 
from the investigation of the fan fs alone, appears to me to 
admit neither of doubt nor equivocation ; and may bo thus 
lirielly slated : 77/crc are no fart.^ on record which demon- 
sfrale. an iflentity in elecfricitij and magnetism ; hnly on the 
rontranj^ there arc many phenomena which justify the idea 
of their being perfectly distinct powers of nature. 


IV. On the use of Electro-magnets made of iron trire for 

the Electro^ynagnetic emgine. By J. V. Joulk, Esq. 

Commvnicated in a letter to the Editor, 

Salford, March 27, 1839. 

Dear Sir, , 

In my last letter I gave you an account of some experiimmts 
which were intended to prove that electro-magnets made of 
iron wire are the^most suitable for the electro-magnetic engine. 
In those experiments round wire was used^ — and it was my 
opinion, that the wire magnets were put in a disadvantageous 
position, in consequence of the interstices between ihe wires. 
I have since confirmed my views on this subject by the fol- 
lowing experiment : 

I constructed two magnets. The first consisted of 16 
pieces of |quare iron wire, each yt inch thick, and 7 inches 
iong^ bound very tightly together so as to form a solid mass^ 
whose transverse section was tt inch square^ it was then 
enveloped by a ribbon of cotton and wound with 16 feet of 
covered copper wire, of tV inch diameter.^ The second was 
made of solid iron, and was in every other respect precisely 
like the first. These magnets were fitted* to the apparatus 
used in my former experiments, and care was taken to make 
the friction of the pivots equal in each. The iqean of several 
experiments gave 162 revolutions per minute for the firsts 
and 130 for the second magnet. 
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In the further prosecution of my enquiries, 1 took G pieces 
of round iron of different diameters and lengths, and I piece 
of hollow round iron, of an inch thick ; these were heiit 
into the 1) form, so that the shortest distance between the 
poles of each, was half an inch ; each was then wxnind (with 
the usual precautions to ensure insulation), with 10 feet of 
( overed copper wire, inch in diameter. The lengths and 
diameters are given in the tnhlo. No. 1 is the hollow magnet. 
The attraction was ascertained by suspending a straight sttnd 
magnet, 1 J inch in leiigih, horizontally to the beam of a ba- 
lance, and bringing the several magnets directly underneath 
at the distance of half an inch, which was preserved by the 
iiitt*rposilion of a piece of wood. Care was taken that the 
battery remained constant during the exjieriment. 
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A Steel magnet of such dimensions as enabled me to com- 
pare it fairly with the rest, excited in the same circumstances 
ail attractive power equal to 23 grains, while^at the same time 
its lifting power was only GO oz. 

These results will not appear surprising if we consider, first, 
the resistance which iron presents to the induction of mag- 
netism : a«d, secondly, how very much the power of iron to 
conduct magnetism is exalted solely by the completion of the 
ferruginous circuit. In order, however, to explain why the 
long electro-magnets have a greater attracting power, and lift 
leas weight, than the short magnets of the same diameter, it 
will be necessary to observe that it was impossible to wrai) the 
whole 10 feet of wire on the smaller magnets, without dis- 
posing it in two or even three layers (according ro the size of 
the magnets) : this is a great disadvantage, and one might 
anticipate in consequence that the power of the long magnets 
should be greater than that of the short for lifting as well as 
for attraction, c'oAtrary toThe results in the table ; this, how- 
ever, piay be explained, if we admit that the comparative 
resistance of the iron of the electro- magnet increases to a very 
great amount, when its magnetism is so greatly excited by the 
contact of {he armature. 
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Nothing can ho more striking than the difference of the 
ratios of lifting to attractive power, in diiferent magnets; 
whilst the steel magnet attracts with the force of ‘Jli grains 
and lifts 00 oz., No. :> attracts 5*1 grains and liih^, \)Z oz. 

Here are<*some very general directions for rnakiiig electro- 
magnets for lifting. 1st. 'J'he magnet, if of cons derable 
bulk, should be compound; and the inni used, of good quality 
and well annealed. 2d. 'Vhc bulk of the iron should l)ear a 
much greater ratio to its length than is generally the case. 
Ikl. The poles should be ground (juitotriie, and lit flatly and 
accurately to the armature*. 4lh. J'he armature should be 
equal in thickness to tlu^ iron in the magnet. 

I shall now proceed to consider with greater care, what form 
of electro- magnet is best for di.staiit attra<4ion, as that is the 
only force of any use in the electro-magnetic engine. 1 lore 
two things must be considered— the length of 1 lie iron, and 
its sectional area. 

Now with regard to llie length of tlie iron, I liavo found 
that its increase is always accompanied with disadvantage, 
unless the wire is (hy using a shorter length) forci’d to loo 
great a distance from the iron. In making magnets for the 
engine it will be prop<n' to use a length less than that which 
gives the maximum of atiraciion. on several accounts. 

The next thing to he (considered is tlie sectional area. 
You have shown, ^ that on phuiiig a ludlow and solid 
cylinder of iron successively within the same ^electro-magnetic 
coil, the hollow [uece ex(?rled the* greaU^st influence on the 
needle. 1 wislu'd to ascertain whether a hollow magnet 
might be n*pres('nled by a solid one whose sectional ar(*a and 
circumference is iho same, and whose thickness is twice as 
great as that of the hollow magnet, bdg. 12 and IMate I. 
will show more clearly what I mean: they represent sections 
of a hollow and a rectangular magnet, and it will be seen that 
if either of them is divided at the dotted lines, the separate 
pieces wlieii put properly together, will mak(^ up the olher. 
Two electro-magnets were constructed, each 7 inches long, 
and cover(^4|with 22 feet of covered copper win* inch in 
diameter; the sections were precisely similar, but double the 
size of those in the figures. Here is their actual attraction, 
at half an inch distance, for the proper pole of a straight 
steel magnet. 

Tlaliow inagiiPts. Solid inaguels. 

Attraction in grains . . . . I’O ] '7 

With a more power- 
ful Imttery 4/5 4’0 

• See the very interesting researches at page 470, Vol. I. 
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Tl is evidt'nt fVom ibis that the hollow magnet has the 
greatest attractive force, hut I do not think that the diM’erence 
is so great as to counterbalance the many advantages whicli 
the solid magnet would give, if used in the engine. 1 shall 
tlmrefon' first relate a rather important experiineilt ; and se- 
condly make an attempt to determine the sec'tional area of 
solid iron most projicr tor dill'erent powers of battery. 

1 made five straight magnets of s(|uare iron wire inch 
thick: each was 7 inches long and wound with ‘,^2 feet of 
<*overed copper w in^ inch in diameter. No. I consisted of 
0; No.2of 1(5; .Vo. .‘5 of No. 4 of and No of 4d 

wir(\s ; aiTang<‘d in tin' I'orm of a prism wilh square ha>re and 
s(*ctions. l^^ive other magnets were made ol‘ solid iron, l)iit 


ill <‘vory other respect exaetly similar 

to the lirst. 

lie 

re are 

the attiac'ting powers (at half an inc 

li) for a straight 

stc(4 

magnet, with three diPiorcnt galvanic 

forces. 
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I'ho wire ust'd in lliese magiiels wais taken at th(^ same d(‘- 
gree of l(Mn]ier, as tiuit in wdiich it came from the makers : it 
was iij consecjuonce not so well annealed- a« the iron with 
which it,w’a^ compaiod. On this account the imml^ers (oppo- 
site t(/ tlie wire magnets are les.s than they would otherw ise l)e ; 
still, howevcu’, tlie results in the table s(»(*m aiiomaloii.s. I' irsl, 
it will he remarked that while the wire magnets are ]\K>re 
]iowHU'ful in tlu* lirst uumhcns, lh(»y are h\ss powerful in the 
last numbers, than the iron magnets. I cannot account for 
this iinle.ss by supposing, according to the hj pothesi.s of Dr. 
l^age, that the wires of wdiicli the niagnels are composed repel 
one anoiher’s imignelisni in such a inanner as to lend to neu- 
tvali'/.e the general fone of the electro magmd, and that this 
neulraliving efi’ect incrc'ases, with the niimlxn* of wires usrd. 
I?ut the deficiency of No. .‘i magnets in ex. 1. is ino>t reinaik- 
al)le, and particularly as by iiuTeasing the ])ower of the bat- 
tery the deliciency is reduced, and tliat at the same time the 
wdre magnet b.ecomes less, though at first it was more, power- 
ful than tlie iron magnet, compared with it. 
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In my next, I shall atlenipt lo detonnine wluit sectional 
area is best for ditFerent electri*; forces. In the mean time, 

1 reiiiain, dear sir. 

Yours nio.st n'suectfully, 

’ J. r. .101 LE. 


V. vVo/c on illuminating Gas, and partirularltf on the 
formation of Gas from trater hij means tfj^l. Selli(jues’s 
apparatus. Ili/ AI. (iuoi VEi,r,ic. (Extract.)" 


M. Sellii|iieK never snitl that water by passin!>- over coin* 
heated to rei.ln.'ss, was traii.sforim'd \n\o rarhnnaletl /nfdrngen. 
It is well known tha,t it pro luces a mixture of oxide, carliou, 
and hydroffcn, almost entirely pure. 

Hut i\l. Seiliqui's charges this htplrogen with carbon liy 
causing it to tr.i\'erse a retl-hot c 5 ’linder, when it mciets with 
highly carbureted oils. It i.s a chemical combination and tioI. 
a mixture which then lakes place, as is proved by the analysis 
of the gas formed from water, by .M. l*eligot, K(q)etiteur a 
rEcolt! I’olytechuhjue ; viz. — 


Carbonated 1 lydrogen 
( )xide of ( 'arbon . . . 
Free Hydrogen 


0 / 1 

28 ? 100 
1.5^ 


H once tlio theori'tical questioii dI* is this: Wliat 

process j^ivos the most light wiih one kilog^.o!’ oil or any iv^ 
;^inous suhstancp, ro.^in, scliisi, or coal tnr, &c. ? Oiio kilog. 
of oil of’ sc^hist or n*siii lurnisiieik hy Sclliijucs’s apparatus, 70 
i'.uh'tc fei’t JOnglisli of ImrniuggJis, of whi(‘li it requires feet 
to supply a hu^ner c<|Ufil to 10 wax candles for one hour; 
which gives 23 /ionrs'* •» 

lint at lielievillc, Antwerp, Frankfort, and wherever gas 
is made on a largo scale from o/7 of r('si?t and a portion of 
pure resin, the mean product is from 15 to 17 jeet per kilog. 
of oil, hut in three or fourtlays the protluct falls to 12 and 15 
/cc/. The insulated atteinps, witli new retorts, may give as 
much as 21 or 25 h'ct : and M. Tailleberg has pronounced 
this production of 25 feet as a great discovery, l^et us take 
this number ; this gas hums 2 5 feet per hour to give the liglit 
of 10 wax candles ; this is (although nearly double the mean) 
the report furnished by the lighting of the (^ity of Antwerp, 
in October, 1^37, with gas from resin at 12 feet to the kilog., 
and ill Ot-tober, 1838, with gas from wattn\ We will only 
reckon upon 2 ;^^ feet ; hence, 1 kilog. of oil gives at the inaxi- 
inuiii 1 1 lioui s’ light, and admitting even 31 feet lo the kilog., 


* From the Coiiq^tes Remhis. &c. No. 23, 1838. Translated by 
.Mr, ,1. Ik I -a Hi*'. 
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as has been stated in a journal (and this quantity cannot per- 
haps ho obtained without the addition of water ), it would then 
be only 15 hours while we have obtained 23 from the yas 
made from water. 

Jlul the production of gas from water does not' stop at 7(t 
feet pi'r kilog. By increasing the pro])orti()u of water to oil 
in the apj)avalus, we weaken tlie density of the gas. which ap- 
proaclies t<»,and even doseends lower than, the density of ihe 
coal gas. In some experiments made on more than 1.700 feet, 
observed for several consecutive hours and proved by atetlious 
process, 1 carried the production to 222 feet otburninggas wdth 
1 kilog. of tlsh oil (tlui oil of schist, which I had not atlliistime, 
givcis in JSelliquiis s ajiparatus the .same results as tlsli oil). 

'This gas at 222 feet only burnt (»i feet to give the light of 
10 wax candles; it was scarcely weaker than coal gas. (ias 
produced at 110 fi'ct to tlie kilog. of oil of schist gave me a 
coiiMimplion of 1 feel 20 for the same burner. 'I’iius al about 
1(',0 feet to the kilog. of oil, the gas from water is eijual in 
power to coal gas. and burns 5 feet an hour. Menei', I kilog. 
of oil gives 10 //g7//. It is easy to calculate what this 
light costs with oil of schist, which, in the places of its pro- 
duction, is not more than .7 francs per 100 kilog., willi a 
combuslilile expt'udiluro which ilecieases as the proportion of 
the gas produced and the ^^i7.e of the aiiparatus inciea.se. With 
the gas from resin, on the contrary, the decomposition of the 
oils operating at the nndU'd surface, small retorts are the 
most advaiitagi'oiis, and al the .same time, the volume of tin- 
gas jirodiiced (imi its ma.ssj is incia-a.sed only in decarl uiretiiig, 
hy a higher temperature, a part ol the richest carburets ot 
hydrogen. * 

rhe,imi('fmitc iiicn a-se of light ol.tained with the gas from 
water, in pn'portion as it is producccl i. -ire feeble, tends to 
jirove that tlie presence of the oxide of cavlioii increases the 
illuminating power of tlii.-^ gas, doubtle.ss increasing the quan- 
tity of heal developed during the eonilmstion. 

We learn Iroin two reiiorts made to the .Vntwerp Society 
for lighting with ga.s, that from the 1st of .lune, tlie( ily ol 
Antwerp was lighted with the gnuitc.st success liy the gas 
from water; that three fnrna<*es are in acli\e enqiloy and 
produce from 24 to 25 thousand cubic feet of gas pi-r day ; riot- 
wdthstandiiig tbe useless expense with which the Society i.s 
charged, the gas" at 70 feet* to the kilog., costs, workmaiisliip 
and keeping up the furnaces iinduded, le.ss than .7 Iraiics per 
100 feet with oil of schist at 15 fraiic.s per lOU kilog. 

The superior (juality.of the gas from water to that from 
coaJj on account of its total absence Irom .sulphur and ammo- 
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nia, need not be discussed; and on Jhe other Ixand, the cost 
of this gas is no longer in doubt : at Antwerp, at IJoileville 
even, it has been provi d in every way. 

At Antwerp, the burner, ecjuivalenl to 10 wax candles, con- 
sumes at tliV rate of li feet, ]' ^i5 per hour, and costs 4 francs 
.50 cents per 10 ) feet. 

At Paris, the coal gas ( which is not obtained for nothing 
as has been pretended) costs, as (he companies know, from 
4 to .) francs per lODleel, including workmansliip, washing, 
and keeping up the apparatus; at Mons, ('\en tli(Mlireetor 
allows .4 francs. At fiondon, it costs l2.s. (kl. or iJ frajics I’J 
cents. 

Hut it \voul(l not be diilh ult for us, with oil of schist at (> 
or S francs, to prodiu^e in TiOndon. or evam in l>(dginm, gas 
from water, at the rate of KJO fei^t to the kilog., ecjuiil in 
powder and su|)erior in (juality to the coal gas, at less than 3 
francs per 100 cubit feet baiglish. 

I shall add a few words on the employment of asphalluiu 
pipes. 

The qiK’stion is not what pressure asphaltum pipes will 
sustain, that of the gasometers being always infinitely small, 
h/ft hofr they wtU sff/tport the. ehenueid find slow aciion of 
the gas !(sel}\ on the asphalt inn. After some experiments, 
unfortunatidy too short, several thousand stone pipes W(‘re 
plaeod in liOuvain, with weil hakecl joints, and at 

the end of tour or live months most ot these joints were eat«'ii 
and pierced by the gas. which no doubt altci(‘k('d them by 
means of the snmll quantity of essential oil, which it candes 
in its vapours. It was necessary to replu(*e cill the resirious 
joints by others of clay, covered with Roman cement, and up 
to the preseiit tiiiie the results appear good. • 

VI. IJescripfio?? of a l^oltaic Hattunf. ///y S. E. Hoskjxs, 

M. D. Cominujtlcaled in a letter to the. Editor. 

Sii", 

7'he plate voltaic hattery, although nearly superseded by the 
more motlern cylindrieal arrangements, is still of sulHcient 
value to sanction an endeavour towartls improving its con- 
struction. 

If the following description of a method I have devised for 
its simpliticatioii be worthy of a place in your ojicellent Annals, 
I shall be obliged by its insertion. 

The various inconveniences arising from the usual methods 
of connecting galvanic plates, and the difilculty of cleansing 
the zincs when soldered to the coppers, induced me some time 
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a^o to seek a more simple mode of eflectiiig junction. Tlie 
result is a method whereby solder, mercury cups, and binding 
srrrews are dispensed with ; and perfect connexion between a 
dozen or (Mghteen pair of plates elFected by the mere adjust- 
ment of a couple of thumb screws. « 

b'ig. I I, Plate 1., represents a wooden frame with line 
transverse saw cuts, Imlf an inch deep, and one fourth or one 
sixth of an inch aj)art. This frame is intended to lit over a 
trough without purlitions. Kach of its projecting extremities 
is j)erforated for the passage of a brass bolt, having a head at 
one end and a deep thread for tln^ reception of a thumb 
screw at the other. 

'riie plates which are droppe<l into the transvers<? saw cuts 
of the frame, alternately interlacing, accolding to Messrs. De 
la Ru(i and ^dung’s plan, are cut out of copjier and thin 
shetM zinc.* 

The plates being dropj>ed into the frame, tli^ hmg ears are 
to he hent over its convex si(h‘s, so (hat a zinc shall he in 
contact w ith a copptT plate. This being done a strip of wood 
is placed over (lie bent ears: over this a strip of brass and the 
whole bound together by the bolts and thumb screw, until 
perfect contact is secur'd. 

This arrangement wdll be better understood by reference 
to fig. 1 1, of the accompanying skeUrh, which gives a transverse 
view of the apparatus. 

a, (t, a, are Jho plano-convex sides ol the Iranie. b, fj, 

the alteriuiling plates of zinc and copper, r, i;, c, c, thin strips 
of white deal varnislnHl, and l)arely long enouglj to cover the 
series of overlapping oars, d^dydyd, strips ot thick sheet 
brass, as long as the sides of the frame, and perforated at each 
extreiniky. •K, K, holts and thumb screws, w^hich are repre- 
sentefl its having tightened the binders on one side, and in 
readiness to d^) so on the other. 

The dotted lines, in fig. 15, are intended for pieces of var- 
nished cord permanently fixed on the copper plates: a simple 
hut efiectual method of keeping the plates asuiubnx 

'J'he battery may he used with dilute acid or with the 
acidulated solution of sulphate of copper reconimcndod by M. 
De la Rue. With the latter, good decomposing action will 
continue for upwards of an hour ; at the end ol which time 
three inches of fiiie platiilugi wire can be ke{>t in a stale ol in- 


♦ The thinner the better as it can he readily c»it and hent, does 
not require wide saw cuts, which would weaken the fnime lasts 
niiile Inner f»nniiar1i for nne'diirahle oueratioil- and arlliiits of fresh 


quite long enoiieh for one 'durable operation, 
plates being used each time. 

V'oL. IV". — No. 19, July, 18:39. 
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candescence for half an hour or more. In short, th(» power 
of the buttery is quite equal to that of other plate arrarigenients 
possessing/ advantage;? peculiar to itself. 'I hese advantages 
are convenience in an extended sense of tlie word, and 
economy b^)th of time and money. Eighteen or twenty pair 
of plates may be sundcjred and put together again in a lew 
minutes ; the yjnes therefore may be easily wash('d, amalga- 
mated. or replaced, with great facility and without the use of 
the soldering tool, tin* v/aste of mercury, or the annoyance 
arising from a seruis of binding screws. A slock la>hiom'd 
by the manipulator may always he kept at hand with no more 
expense than that of the material ; and he may extc'iid his 
series with ease lo any extent. 

'i he only parts which cannot in general he made by the 
amateur are the trough, the screws, and the frame. The kil- 
ter requires some degree of nicety in its construction, — none 
however which a cominon carpenter, properly dire*, ted, may 
not attain. 

A small battery, such as 1 have descril)cd, has been 
deposited at the Polytechnie Institution, ever since the monlli 
of October. Mr, IhichhoHher, to whose kindness on all 
occasions [ am much iiuh'bted, has performed a series of can'- 
fully conducted experiments with it, and allows me to slate 
in his name that my battery is much more powerlnl than 
others of the same ()ni(*r, owtug to the ap[TOXiinali()n of the 
plates, and that it is much more comenieub^ad manageable 
than any. r 

I remain. Sir, 

OnejnHey^ May^ 1839. Your ol:edient servant, 

S. K. HOSKINS, M.l). 

f 

« 

VII. On a JWw Magnetic Elect rival Machine, (Magnet- 
electromotor,) By Da. Neki-f, of Erank/ort* 

Exhibited at the Eriburg Meeting of Philosophers, in Sept., 18.18. 

Since the tim<i I madeknownlhepeculiaritiesof my electrical 
wdicel, or mill, to the .sciimtiHc meeting at lionn, (and after- 
wards in Poggeiidortt‘’s Annals for November, 1 83o,) the re- 
markable ellccts of electrical discharges, repeated in rapid suc- 
cession, have become studied w^ith .much attention: and it was 
soon discovered that, for the production of such a quick succes- 
sion of electrical light, magnetic electricity is peculiarly and ex- 
cellently adapted. For this purpose magnoUc electricity has 
been employed as it is excited by the machine ilrst invented 


* Translated from the German by 1. 
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by Tixii, thon l>y Siixton’s and Clarke’s improvoments ; eaeli 
oi vvhicli has an arinature oi* soil iron, suiToiiiRled by spirals 
ooppc'i* win^ wiiic^h rotate in iVont of tin; poles cd’ a steel 
nia^'Jit l, i.y wh.eii arraiii^enieiil a mainline is broui^lil iuU> 
Lcood oporaiioii; and the proi^TOSsive improveineiits«v\ iiich the 
sv^^'acio.is iiMvl iii^^enious l‘h t in^i^shanseu has given to this 
nicR hine, iv:r. so exeellenlly c:onlrived, thfit tlieni aj)pears to 
])c h*ft but liitle more to be (bun' to aecowiolisli its perfection, 
hi the in(‘antinie, litiwt^ver, I have been ineliiK'd U) believe 
that some other way must yet be pursued to arrive at the 
priiuapal oliji^el in view : w liii h would lie to rejilace the steel 
iiiagmM by an <'l<*ctro- magnet of soft iron. 'J'he first elleet 
which I uhlcdiied by this subslilution, was far short of that 
which 1 luisl i;een i(S'l to ('xj>(u;t,a circums*! am*e that may he 
imjui!ed |o {]\o. di fieimiey which atitmf[(si (jn* ilrst construction 
oi l!i<' iosl niiU' nt. d iic ('ssential (‘orn*ct ions lieing, liowever, 
eiii'iined, tin* magnet ic el{‘Cii n rd operation can now he lirouglif. 
to tht' wislied for vige,ur ; tlie apparatus is (Msy ami conveni- 
ent to iiianamg dnrahh* in its acoion. of small dimensions, its 
price trilling, and is well adapted for a. vari('ty of purpost^.s 
whicli arc met with hy the Surgeon, the i^iysiologist , and the 
IMjysi<‘iaji. 'Theso n^Milts have appear<*d to nu' so highly 
gratifying that I am led to ladieve the inslnimeiit is still sus- 
eeptihh' ot much farther improvenu nl. 

^^ ith respect to the voltaic battery, I have riditul upon those 
bcpjids wiiicii 1 have hitherto heen in tln^ custom of using for 
tin* I'xcitation of voltaic* troughs, hut have w^turned to the 
oldc'st coiisli uetion of voltaic apparatus, viz, piles of zinc^ and 
<*oj}per, with inler\ ening di.scs of inoisIcunMl paper. 'The zinc, 
bowt'\er, I amalgamate. When t he paper dis^^s have become 
saturated, iii*ci solui ion of siilphurict acid, (consisting of about 
oiu^ aAl and ten water) I lorm the pile, and place it in Ji 
Screw -press. The porl'ormance, of this c*onslruction of a 
l>atter\, is extriunely uniform and duralile. Kxperiineiits may 
be carri<*d on daily fora considerable time* and still the battery 
will (jontinne active. ICvcn for 12 or 10 days, ex])eriineuts 
may be carrit'd on before it is n(*cessary to take the jiile to 
j)i(U‘es and introduce fresh discs of pri[)<‘r. Besidcjs, the metals 
become so littie corroded that tliey seldom w'ant any other 
cleaning than merely wdping away the nn)isturc from about 
their edges, a circunistanfle always to he attended to, other- 
wise a percej)tihle portion of the force is lost. With thisj)i]<% 
it is pleasing to find that we are not annoyed by fin* tro?ii;le- 
some, indeed daiigoro'ns. liberation of gas. which always 
attends the apparatus w'hc*n unamalgami/.efi /i?jc is < inj)!oyod. 
'1 lie scrt;w is also of very gri*at. advantage, by tia* slacKieiing 

1 : 2 
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or tisjhtoninjj of wlucli, tlu' effects of the pile can (|uiekly be 
weakened or strtingthened respectively, at pleasure. I use 
plates of greater dimensions and number, as is necessar) for 
the maximum of etfects. Though but little is to l:e gained, 
in this way, for tlie present purpose of the pile, yet it gives me 
a great advantage of diversifying the force in many wajs. 
'i'he action becomes exhausted in, perhaps, about 14 days. 
In the manner aljove de.scribed, 1 prepared 8 (*opper and zinc 
plates in four pairs, insulating them from each other by dry 
paper, and kc'Oping them pretty close togt^ther hy means of 
the screw-pnjss, and combined, as occasion required, the 
similar or dissimilar mt4als, by means of small conducting 
wires and quicksilvc^r cups. The eight moistened papcn-s 
which were placed 'hetweeii the copper and /iiic were 4 inches 
broad and 4 i long, the plates being a little larger. I'lie screw- 
pre.ss is, perhaps, 7 inclu'S long and 0 inches broad, and serves 
as a basis for the support of tlie other parts of the apparatus. 

44ie second f^ssential part of the apparatus is the spiral. 
The principle of wliicli is w<41 known, as far as (b»pt»nds upon 
the length, thickm^ss, and winding of the wire. The iron 
axle of the spiral, in (jvery revolution, necessarily weakens the 
electric action, in conse<iuence of a partial neutralization of 
the magnetic poles, l)y its close ap])roach to them during its 
transits. As regards the function of tlie spiral, it is now 
known that, when it closes tlu' (*ii<‘uit, tln^ iron axle bcjconnss 
inagmUic; and, in opening the circuit, thjs magnetism, as well 
as that of the wire, immediately disappears ; by means of 
which, the electric fluid in tlie spiral boi omes imptdled, and ex- 
liibited jiartly in a spark in the reverse order to the battery cir- 
cuit, and is pardy led oil* as a momeiihmi curnmi. I he lies! 
imUliod of a spiral is to have two wares w(umd close together. 
W e can then employ it according to the various purposes for 
which it is wanted ; we can combine the two wires in the same 
direction or in opposite directions ; wo can even, by the one, 
close and open the circuit, and by the other, lead away the 
magnetic electricity. 

The third element of the magnet-electromotor is the 
mechanical, by which the closings and openings of the circuit 
through the spiral are performed. For this purpose, I first 
availed myself of the electric wheel, by w’^hich contrivance 
the shocks succeed one another with great velocity, and 
become well defined. When I had ascertained the powerful 
action of the apparatus, I was desirous of having it to excite 
itself, as in the electro-magnetic machine, without the in- 
convenience of turning the wheel. The ingenious construction 
which I employ for the purpose is due to Mr. J. P. Wagner. 
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It roiubino.s simplicity with efficacy, atul is the result of a 
variety of contrivance's which have now heen carrii'd on for 
two years: and was given toinchy that gentleman. There are 
two parts inserted between the voltaic series and the spiral, 
which I call hammer and anvil, d'he hamnn'r •is a pii*i e 
M'hich is attached to otie end of the spiral, (the other end 
being connected with one polo of the series) and the anvil is 
connected with the other pole of the series. If now, the 
hainnu'r n*.sts upon the anvil, the circuit will he closed, and 
the iron axh*, hc^coming magnetic!, attracts an iron plate which 
fastens to the hamimu*, and draws it away from its contact, 
with the anvil. liy thc'se nicrans the circuit will he o])encHl, 
and the iron axle immediately loses ils^ magne^tism, which 
{>eniiits the. hammer to full down again to the anvil and again 
closes the circuit d his dc^ne the same motions hc'gin aric!w, 
and are rcp(*ated as long as the pile* rcMains its powej’. M'he 
lia miner may he hronght to any rcMjnirod distance from the 
anvil at pleasuiv, and mercury may hc! employc'd l)etw«!cn 
tJiem if tlioiiglit nec!(!ssary : and there is also a contrivance 
for elevating or depressing the anvil. riiese modilications of 
the a[)paratu8 permit the ra|)idily cjf the openings and closings 
to l)e varied in sc'.vcn-al ways. 

J he apparatus operates ujum principles already known. 
The various combinations of the*, spiral wire st'rvi! thc! purpose 
of attaining various ohjcc ls. If, for instance, we rc'<|uire a. 
great (juartfity c:)f the elec!tri(! force, wc! must unitc» the ends 
of both spiral wire's which are of thej same name; by which 
m(;aiis wc^ shall have sparks and chemic!iil decomi)c)sitions at a 
maximum. On tlm oUic^r hand, if we desire a maximum of 
inten,\lty^ then we must unite the ends of the -wires which are 
of differtntAvc\n\{^H, by which means the greatest effect is pro- 
duced on inferior conducting bodies. I’he fiery sparks appcMtr 
between the hamnn^r and anvil. decompositions and 

shocks are c)btaiiied by bringing the respective’ bodies into 
contact with one end of the spiral wire ; also to the quick- 
silver shank to which the hammer is uniU'd, and to that pole 
ot the series which touches the other emd of the spiral. Of 
the experiments I shall mention only one; the dellagration 
of various metals, and particularly of (juicksilver under waiter. 
The convulsions of this metal are shown by plaijiiig a drop of 
it under acidulated water and touching it wdth one end of the 
spiral wire ; a rotation immediately commences in the water; 
and, by introducing a charcoal point, the phenomenon liecomcs 
striking and beautiful. I'lie action on tlu! human body is 
extremely powerful. ‘ When the spirt'll wire i.s only 400 feel 
long we find that lively shocks are given (!\ en when the poles 
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are touched with dry fin^rrs, which, hy a somewhat .stvouij^ 'v 
pressure^ hecoiiie increased to an iiisullVnihhj decree, IJy a 
moderately w^eak contact, one hears a gentle cracklin!;* noise, 
wliich appears to arise from a series of small sparks passing 
through the insulating epidermis. By moistening the finger 
in water, one g(‘ts only a tolerable suocnflrial eonnexion, wi!i(di 
continues hut for a few seconds hen the aclion is stronv. 
I'he intensity is sufhciently great to transmit shocks tliroiigli 
a scries of many persons who are connected with moistemsl 
liands. A very interesting experiment is madt^ by tin? einjdoy - 
inent of two polar ])lates, by means of which we oi>t.'iin a 
current through a mass of water, and the human biKly, (;i 
even a hand imniors^Kl I)etween tluise plates, is acted iij'on l)y 
the current. In this ek^ctrical hath, iiidepeiidenlly of any 
direct contact with the polar plates, the immersed body 
deprives llie water of the grc‘atest part of the eh'etrical current, 
and, eonsequently, a lively seiisation is experii'iu ed at ev<‘i v 
point of the immersed part. 1'he importam e of siicl) eh elri- 
cal baths for medical purposes is v(M’y easily perciuvi'd, and 
ought to be strietly atleiuled (o by the faeully. 

iMnally, hy augmenting the leiiglh and tbiekness of I in* 
spiral wire, the force Ijrconu's exal(('d. ami answ^ers for ev('i y 
puri)()se ; and one can predict with certainty that il is eapabU^ 
of decomposing the alkaiies. It is helbu* adapt'd !or tli\s 
purpose wlien, instead of wore, a copper hand, (a strip of sheiu 
copper) in al)(mt twelve even spirals, w'ouiul round tlui 
axle, having tin inner and (ni\vY ends prepared witli quick- 
silver cups for the purpose of varying llu^ connexions. On 
this plan my Reometer (an instrument described in (iehler's 
Phil. Dictionary, new edition, vol vi., .see. 3, p. 2 iJ) I) is con- 
structed and hroiiglit into action. * 

VIII. Notice from Du. Roukkt IIauk, Professor of ('Ik*- 
mistry, &c., respecting the fusion of platina, also respect- 
mg a new Ether ^ anil a series ofgaseovs compounds formed 
With the elements of water* 

1 have by improvements in my process for fusing platina, 
succeeded iii reducing twenty five ouncest of tliat metal to a 
state so liquid, that the containing cavity not being sulRciently 
capacious, about two ounces overflowed it, 'leaving a mass of 
twenty three ounces. I repeat that I see no difficulty in 

* (k)inniunieate(l hjr the Autlior. 

+ 'IVoy weigiit. 'Ine actual (piantity fused was 12/250 grs. ; 
the lump" remaining weiglied 10,1)37 grs. 
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oxtoncling (he power of iiiy apparatus to the fusion of much 
larger masses. 

V\ hen nitric acitl or sulphuric acid with a nilrale is em- 
ploy <'d to generate etlnu', there must be an excess of two atoms 
of oxygen for each alom of the hyponitrous acid wImcIi enters 
into combination. I’his excess involves not only the con- 
sumption of cl large })roportion of alcohol, but also gives rise 
to several acids and to some volatile and acrid liquids. 

1 1 occurred lo me that for the production of pure hyponitrous 
eiher a hypouitrile sliouhl be used. The result has fully 
reali'/.rd my expetitalions. 

l>y^ siihjr'c.ling hy])otiilrlte of pohissa nr soda to alcoliol and 

diiuteil siilj)huricaci(l, I have obtained a species of other which 
dilfms frcmi that usually known as nitrous or nitric etlnu* in 
being swiicttu’ to the taste, more bland to the snndl, and more 
volatile. It hoils below t5.> of F., anil produces by its sj)on- 
laneous evaporation a teiii[)eratur(j oft) — 15' V. ()n contact 
with the finger or tongue it hiss(\s as water does with red hot 
iron. After being made to boil, if allowed to stand for some 
time at a temperature below its boiling point, ebullition may 
1)0 renewed In it appanmlly at a lemj)eraturc lower than that 
at which it had ceased. l\)ssil)ly this apparmit ebullition 
arises from the partial resolution of the liquid into an aeriform 
ctliereal Iluid, whii^h eseapos, both during the distillation of 
tlie li([uid ether and aftm* it has ceased, at a temperature below 
fr<?ezing. 'Idiis ainiform product lias been found partially 
condensible by pressure, into a yellow liquid, tlie vapor of 
which, when allowed to enter the mouth or nose, produced an 
impression likt? that of the li({u:d ether. 1 conjiujture that it 
consists of nitric oxide, so united to a portion of the ether as 
to prevent \he wonted reaction of this gas wilh atmospheric 
oxygeh. licnee it does not produce red fumes on being 
mingled with air. 

Towards the end of the ordinary process for the evolution of 
the sweet spirits oi‘ nitre, a volatile acrid liquid is created 
which allects tlie eyes and nose like mustard, or horse radish. 

\Vh(nithe new et J ut as it first condemses is distilled from 
quick-lime, this earth becomes iinhiied with an essential oil 
which it yields to hydric ether. Tliis oil may be afterwards 
isolated by the spontaneous evaporation of its solvent. It has 
a mixed odour, partly agreeable, partly unpleasant. J'Vom 
the affinity of its odor and that of common nitrous ether, I 
infer that it is oiie of the impurities which exist in that com- 
pound. 

The now ether is obtained in the liighest degree of purity, 
though ill less quantity, by introducing the materials into a 
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strong well ground stoppered bottle, nd'rigerated by snow aiul 
salt. After some time the etbcr will form a superuatanl 
stratum, wdiich may bo separated by decoinpohition. .Any 
acid, having a stronger affinity for the alkaline base than the 
hyponitrotts acid, will answer to generate this ether. xAcetic 
acid not only extricates but appears to coml>ine with it, loriii- 
ing apparently a hyponitro- acetic ether. 

I observed some yciirs ago that when olefiant gas is inflamed 
with an inadetjuate supply of oxygen, carboji is deposited, 
while the resulting gas occupies double the .space of the mix- 
ture before explosion. Of tliis I conceive I have discoven'd 
the explanation. Ity a great numbtir of experiments, per- 
formed W’itb the. aid ol iny barometer gauge I'aidiometer, I 
have ascertained that if during the explosion of tht; gaseous 
elements of water any gaseous or volatile inflammable niatler 
be pre.sent, instead of condensing there will be a permanent 
gas formed by the union of the nascent water with the inllain 
niablc matter. 'J bus two volumes of oxygen, wit b four of bydrt>- 
geri, and one of olefiant gas, give six volumes of permanent gas, 
which burns and smells like light earburelted hydrogen. The 
same <iuantity of the pure hydrogen and oxygc n with halt a 
volume ofhydric ether gives on the average the .same residue. 
One volume of the new hyponitrous ether under like circum- 
stances produced five volumes of gas. 

An analogous product is obtained when the same atjucous 
elements are inflamed in the presence (if an essential oil. 
AVith oil of turpentine a gas was olitaiiUMl weighing per hun- 
dred cubic inches 1(5.'.^ grs., which Ls nearly the gravity of 
light carhuretted hydrogen. I'he gas obtained from olefiant 
gas, or from (ither, weighed on the average, per the same hulk 
ld,’u grs. I he oleliant ga.s which 1 used wi’igh'ed .p(^r hun- 
dred cubic inches only .-.O r^, grs. Of course if per se expanded 
into six voluines it (xmld have weighed only one sixth of that 
weight, or little over five grains per hundred cubic inches. 
I'herc can therefore he no doubt that the gas obtained by the 
means in question, is chiefly constituted of water, or of its 
elements in the same proportion H*0. 

With a volume of (he new ether, six volumes of the mixture 
of hydrogen and oxygen give on the average about five residual 
volumes. The gas created in either of the modes above men- 
tioned does not contain carhoni^ dcid, and when generated 
from olefiant gas appears by analy sis to yield the same quantity 
of carbon and hydrogen as that gas afibrds before expansion. 

These facts point out a source of error in experiments, for 
analyzing gaseous mixtures by ignition with oxygfui or hydro- 
gen, in which (he c(jn.se(]ucnl condensation is appealed to as a 
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basis for an ostiniaU*. It appears that tlie resulting water 
may form new products with certain voialili/.able substances 
which may be present. 


IX. UEVIKVVS AND NOTK ES OF NEW BOOKS. 

A Coarse of Eight Lectares 07i Electricity^ Gah autism ^ 

Magnetism, and Electro- magnet ism, liy Dknuv M. 

Noao, Member of the Eondon Electrical Society, Scott, 

Wkhstkh, and (inAuv, ‘Mk Charter-House. Square. 

Mr. Noad’s liectures, like some ollu'r recent publii^Ttioiis 
purporting to treat on these subjects, ai*e, principally , if not 
lolally, compilations from other sources, to no one of w'hich 
have they made even the slightt*st coiiti il)ution. Mr. Noad 
has obv iously read .sev«‘ral authors on the subjects of his Lec- 
tures, and, of ( ourse, has scdected those parts and parcels of 
their works wdiich appeared most suitable to his purpose. It 
is our duty. howe\ er, in justice to its author, to state, that. 
Mr. Nt)ad has drawn, to a rather unusual extent, on Sir 
David Urcwstt'r’s IVeatise on Magnetism,” many parcels 
of wdnch, already in a suitable dress for the “ Lectures,” of 
(!ourse, required only tlie mere process of transplantation from 
one work to the other. We do not, however, find fault with 
Mr. Noad for thus availing himself of the matter in its origi- 
nal elegant form, because it is well chosen and well adaptetl 
to the purpose ; and, as he has not attemp/ed to conceal his 
authorities, but, in genertil, has been very liberal in acknow- 
ledging them, his Lectures” claim our liest wishes for their 
success, syicerely hoping that they may produce a better effect 
than that of beguiling an idle hovr^ which the preface 
informs us is the only object of the author” for offering 
them to public notice. 


Magnetical Investigations.'*^ By the Rev. Wm. Scorkswy, 
B. D., Fellow of the Royal Societies of London and 
Edinburgh ; Corresponding Member of the Institute of 
France, Longman, Orme, Brown, Green, and 

Longmans, Paternoster Row. 

We have, in tTiis work, a series of magnetical observ.ations 
and facts of exceedingly great interest, whether they be viewetl 
in a theoretical point of view, or of practical applicability. 
The labour^ of Mr. Scoresby, as an experiinoiital pJiilosophor, 
have long been sufficiently known to the scientific world to 



7-1 lii'vietrs and jVolices of Aew Hooks, 

eslal)lish his iTputalion as an in(Ioiatigal)le and exact invesli- 
gator; and we have great pleaMue in staling lliat the origin- 
ality of many facts wliich \ve have observed in tliis neat little 
volume, dot qual credit lo the author with any of the pre- 
ceding resu4-‘^ his valuable investigations. 

Mr. Scoreshy prefaces his interesting Investigations with 
the following series of “ Intiodiiclory Observations,” so ad- 
mirably appropriated to the scicniliiic importance, and th(H)- 
logical dignity, of Ids subject. 

“ It had long been conjcuttured tliat a. most intimate con- 
nexion, if not identity of nature, might probably exist among 
some of the more subtle and myslerious agents, or priiunples 
of dillercnt denominations, and, apparently, of diirerent 
characteristics, which universally pervade the region in and 
about this earth. 

“ Modern discoveries in electro-magnetism, with iheeognate 
relations whicli these have developed as existing in other 
])rinciples of natural bodies, have gone far lo verify these 
anticipations; and at llie same time to yield so much additional 
knowledge of the eoiistilulion of the physical system of our 
planet, as lo give a new, an interesting, and a prominent im- 
portance lo, electrical and magm‘tical science. 

“do the time of Dr. (liliiert, of Colchesli‘r, magnetism 
was oidy known as a mysterious virtue, existing in and 
peculiar to, the loadstone, or ferruginous substances which had 
been touclu'd by this (extraordinary mineral, I’rom which cer- 
tain (|ualiti(;s of ,^al tract ion and direction were derived. But 
this eminent individual discovm-ed, as In* lias loft on record 
in his ^ Physiologia Nova, sen Traclalus de Magnete et 
(‘orporihus Magnetisis;' published in the year l()U0, that the 
phenomenon of the meridional. adjustment of theMnagiietic 
needle was not owing to any mystical virtue, exercised oUt of 
the course of natural principles, hut a mere result of the 
directive action of the earth ; which he truly considered as the 
controlling agent, by reason of its being in its matter and 
constitution magnetic. 

“ So long as magnetism was known only as a separate or 
simple principle, the philosophic ideas of Dr. Gilbert were 
never materially advanced ; hut, on the? discoveries of Professor 
(Ersled, whereliy the long-suspected connexion betwixt 
electricity and magnetism was estaldished, an amazing en- 
largement was at once yielded to liiagnetical knowledge, and 
a corresponding impulse given to magnetic research. 

“ The etfect has been lo give a science, formerly considered 
as comparatively of an inferior class, a grandeur 0 / considera- 
tion; placing it at once amongst those mighty principles which 
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inliiiilr wis.lom has appointed, and infinite power onlainccl 
as (‘s^eiuial elements or aij^eiicies in the ph\sical constilutioii 
ol* world, lor inasmuch as the iiisoparahle coiinexion has 
hi'en estahlisliod betwixt electricity and niagnetism, thes(», 
under various Ibnns of devo lopnieni, reciprocally developing 
(‘ach olht r, ii iu’C(!ssarily follows, that , to whatever extent in 
<‘n‘iitioij electricity (iperates, tf) the sannM'xlent themagnetii: 
princij)le must reacli. And inasmuch as heat, light, and 
chemical action, artMvich, more or less, deveiojiers of one form 
or another of the eh^elio inagnelic principle, the analogie.s of 
scie nce would h'ad us to iider, that magnetism is co-e\tensive 
wit!> these' other agcmcdc'S. throughout thedr range of operation. 
lleiK-e, tiun-e is liitU' clouht hut tiie principle, which, a few 
years ago, was known only as a direelor df the compass needltg 
as to its utility, and as little more than a (‘iiriosity in scicnice, 
is one of the migjity enc'rgios l)y which, instrumentally, the 
works of iii(' great ( rc^e.tor Jirc^ r(\gulated; one oftlio.se suhtlii 
powcM's which he halh oidaiiied as his servants, " fulliJliug his 
word A and whereby, ‘the sweet iiillucmces’ of the wholesys- 
teni of the univ< rse are liouiid togc tker, controlled, and uplield. 
Thus the sul)ject of magneti.sm beconic's of the highest coii- 
sideratitm ; in science, as to its inightiiicss and extent, of 
operation ; and, ui natural tlu'ology, as ealculatc'd to conned 
tlui re; c.arclu's of human intelligcmee, wdtli him wlm liath crc‘- 
ated the.se woiidcu’s; to edevate the feelings of vc^vcnencci and 
adoration in the dc'votional mind, and to prc/claim more clearly, 
in jnoportion as the invisible things are yndc'rstood, ‘ llis 
eternal pow’(*r and (iodhead.’ 

“ It is not iny ohjed, however, in this jiuhlication, to carry 
out those views to which the more enlarged consideration of 
rnagiielisin, as a science, might he advantageously applied; 
hut tliat, in thus showdug something of the importance of the 
subject as a science, I may solicit, for the contrihutioris which 
are here oirerod for it, such reasonable consideration as, in this 
connexion, th(?y may fairly claim. 

‘"'I'o the subject of mag/if^tisoty my attention has, fora 
scries of years, been more or less din^cted; latterly with the 
view, particularly, of producing more powerful instruments for 
the determination of delicate variations in, and the actual 
condition of, the earth’s niagnetism; a subject which, from its 
greatly increased importance, is now engaging attention in 
some of the principal observatories in Kuropc. 

‘‘Ill contemplating such improvement in instruments de- 
pendent for their adjustiiieiit on the earth\s magnetism, the 
grand desiilerut uin would obviously be, the attainment of 
increased c'.ncrgy, or directive power, in magnetic needles, or 
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bars of any givoii Imigth or mass. And, that the attainment 
of such increased energy was a promising field of enquiry, 1 
was satislied, from the mere consideration of tlie surprising 
superiority in power of electro-magnets over ])ermanent arti- 
ficial magnets ; strongly indicating the existence of a far 
greater capacity for magnetism, than we have hitherto been 
able to develop, or, if developed, to retain. \\ hilst this con- 
sideration yielded every encouragement to the enquiry, an 
experiiiiental fact, in regard to the proportional power of nutg- 

nets of nnef/ual thickness^ suggested that guidance, in pursuing 
the enquiry, which not ordy led { as will, I trust, suhsecjuently 
appear) to a successful result in regard to the object particu- 
larly specified, hut gave rise to investigations (extending 
beyond my original dhsign, and eminently calculated, I con- 
ceive, for the improvement of sea com passes — hitherto so very 
defective — as w ell as artificial magnets, and magnetic a])paratu.s 
generally. The fact referred to was this. ^\ hen examining, 
many years ago, the directive power of various artificial bar- 
magnets, for the purpose of determining the practicability of 
ascertaining the thickness of rocks, &c. in tunneling and 
mining, by the method of deviations communicated to the 
Koyal Society in 1831, — the idea occurred to me, that, if the 
bars ordinarily employed for compass needles, &c. were 
divided into lainime ; or if, in other words, they were made 
up of thin plates to the extent of the masses of the bars com- 
monly in use, a greater degree of energy would be obtained. 
Experiment fully justified this opinion. But previous to the 
application of the pidnciple to instruments directed by the 
earth’s magnetism, 1 had made trial of a combination of 
lamina.' of thoroyghly tempered steel , for the construction 
of a small compound magnet. The substance nictde use of 
was watch-spring, of which fourteen pieces, of two inches in 
length, were combined, after being magnetized, and formed a 
small magnet, weighing, in amount of steel, about one hundred 
grains. From a want of knowledge, at that time, of the best 
mode of magnetizing thin plates, the power obtained was 
much less than was expected; but when the same little in- 
strument was subsequently magnetized, in a mass, by the 
process hereafter described, its efficiency became very striking, 
— the power being found to be such as to lift, by one pole, a 
polished nail of about 800 grains, or eight times its own 
weight. 

A trial apparatus, of the nature of a variath7i rfeedle, on 
the same principle, — improved, however, for this purpose, by 
the separatio?i of the plates — was constructed in the year 
1836, which was exhibited to the ‘ British Association for 
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tho Promotion of Science/ the jsanie j^ear. Put being with- 
out any precise kiiowb*(lgc of the laws of c^nnbiiuition iii 
inagnetizecl plates, or even of the actual power of this instru- 
ment, though obviously great, a mere general idea only of its 
relative superiority could then he obtained. Since that time 
I have investigated, in an elaborate series of experiments, and 
with a sf)niewhat expensive variety of apparatus, the principles 
of the construction adopted, so as satisfactorily to prove, 1 
conceive, the decided advantage of that construction for sea, 

and other, compasses, and to apply the principle to various 
practical purpose's in magnetics. 

‘“In the original ‘ variation compass’ jnst referred to, the 
plates, as I liave intimated, w<n*c iioY^ plaered in immediate 
contact, but separatee I by thin slips of woexl or card-board ; 
fe^' 1 hael previe)usly found, when combining magnets for otlu^r 
purpexses, that a material loss of power, in the individual 
intensities oi the' bars, was, in all east's, oeu‘asioncd by ce)m- 
l>iiuitioii : but lliat, when the cejinbination was not made in 
cronlact, an inferie>r de^terioration toe>k place. 

“ The subjects to which T was primarily guided by the?se pre- 
liminary considtu’fVtions aiiel re;sults, cxtoiide'd to the fedlowdng 
particulars : — The elFect of the division in various directions 
of the mass e)f steed, on its magnetic capabilities, — the law 
of ce>m bination of magne.tizexl steel pbites in contact — the 
law of combinatieVn when the plate\s are s(:*paralt'd by limitexl 
spae^es — the e'.ftect e)f temper or degree e)f hardness, and the 
degree of permanency e)f the power in ce^mbinations of mag- 
nejti'/.ed steel plates. A few of the most important results 
obtained from these investigations, were forwarded to the 
Institute of France, jn h'ebruai*y% 183S. TUese investigations 
j)roved sidlicieiit to show tl.at the idea entertained in the 
out set, of practicability of producing, by means of combination 
of magnet ized steel plates, more powerful apparatus than had 
hitherto been in use, for experiment and observation in magnet- 
ical science, and for practical purposes in magnetics generally, 
was not incorrectly found<'d. But the most important practi- 
cal applications of these principles, with the results of several 
new and distinct invest igatipns, yet remain behind. The 
description of these, in the first instance, is the olyect of the 
present publication ; and it is hoped that the results wull he 
found to develop some ‘'new and some improved principles of 
construction, aj[>plicahle both to instruments designed to be 
directed by the earth’s magnetism, and to the improvement 
of apparatus in which a permanent and concentrate energy 
are requisite ; together with a useful application of some of 
the laws developed in these or previous investigations, to the 
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festirtg of the quality of steel, and the detennininj? of the 
degree of its hardness, purpo.se.> of the highest ini[)ortan(:e 
in the con.strurlion of delicate in.s!riiineiit.> used in the arts, 
or by proh^ssional men. 

‘‘The several residls and appli<’a;ions of these recent 
personal rese.ivclie.^, may l)e convcMiieiidy clas.sed under 
se|;arat(* heads, belonging to the d ^vf^lopna iit of [niiu ipies, or 
ofdiHerent j>raetical proce.sse.s, in inagnelisin. Some ol* llusse 
will, no doubt, he v(isnlvahle, in certain i.arriculars, into 
principles or melhod.s heretofore known ; [)Ut, in all, it ispre- 
suimvl, something peculiar, as to diceisivcniess of llu^ resuils 
bearing on principles, or as to conveni(‘nce ol adajitalion, or 
efficacy of inanipnla! ion, or inipn/v<nnenl in construction, in 
rt'gard to the practical subjects, will he tourul.” 

J^'roin the aho. e preiatory chajiter, our readt'vs will d^- 
cover that tlie ol jecns of Mr. S(tor<‘shj \s inv(\st igations are of a 
high sci( ntiiic character ; and we can a.ssuro them that we have 
not met with so valuable a work on magnetics as that bfifon* 
us, since llie appiiaraiice of the .second edition of Mr. Tnirlow’s 
“Magnetic Atiractioii.s,” a work of great merit, and intrinsic 
importance, in tliis Inanch of physics. It is such productions 
as these that eviry scimitilic man delights to peru.se; and 
every scientific journalist ongiit to tak(^ a pleasure in recom- 
mending to his V('aders. livery novel fact that hec.omes d(?- 
velopcd by physical eiupiiries gives new impulses to the pur- 
suit, implants an additional gem in (lie iliadfun of .s(‘ienc.e. en- 
hances the luslr« of the whole, and, sooiuir or kiter, yi(dd.s 
new sources of comfort and happino.ss to man. 

X. Mr8;:i:i.LA\;]v>l S AUriCLEa. 

Galra?f}c r.rprrhiteffts o// fhe h(/(hj of on cxv.cnted 
. M orderin'. 

Coleman, a mulatto, wlio murdered his wife, was executed 
at New York on tlu^ 1.5di of l^eh., 1 Sol). Afior the body li ad 
hung for al>out a (iuart{‘r of an hour it was cut down. Mi. 

( ’InlUm, and several other scimjj iiic men, then operatcMl in tiu; 
followiiig way on the corj).>e. The instrument used* in the.se 
experiments was a newly invented one, calh^d a Galvanic 
Multiplier ; the wdiole amount of zinr surface exposed to the 
acid was about one foot, and yet the shock produced is equal, 
if not greater, than that of a battery of 100 inch j>]ates. 
I.s7 Kxperhiunit . lungs were liked with oxygen gas. 

'I'he phrenic luu ve and eightli ])air were dis.socled ;u the neck ; 
a meiallic piece, having a number of points on it, was placed 
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()vi?r ril>s, the points lu'in.c^ inserted thronpfh llie shin. The 
iiioinonl the lunus were liih'd witli the "as, tin' "alvaviic t ur- 
nmi was j)asfc;ed IVoin the iienesat ihe iieek to iho (liciphrai^m. 
'I'he objeet was to hrint** about ies[)iration. 'I he eileet j)i*o- 
duced was, \ iolent contrac tion of all the niuseb't;, the chest 
heaved but no air appeared to entc'r the hin"s, the lu'ad and 
neck were thrown on one side l)y the spasin ;iroduced. 2(1. 
'J'Ih* metallic piece was removed iVoni tin* \odoni(ui, and an 
incision was made through tlie (^artilae- of the seventh rib, 
on(‘ pole ol’ the instrument was pla(‘ed in the opening, so as to 
toiieh the diaphragm : the other was placed on the^ neck. I’he 

eifect [)roduct'd was^im!b^^ to the first. Ih/. 'idie ])osterior 
tibial n<‘rce. at tluj was e>:]K>sed ; oj [‘ole a|)plied to this 
the otlu'r to tiu' n(*ck. l^Hect — the muscle oi' the leg was 
thrown into ai^ion, wnlli convulsive movements of tin? laxly, 
t///. (>m; i)oh' was licld at the ti!)ian mnve—tbe inoulli was 

then openeii, and [\w other pc)lc' put into it. 'Tiie moment it 
touched llie longue the teeth heeame firnily clt'iiclied, and 
held so hard on to llu^ w ire as lo re(]uire considerable force to 
f'xtricate it. 't his vvas repeated several times, o//^. The 
next experiment was to try the eifect produc<‘d by meix'ly ap- 
plying the p<»lesof the instrument to the surtaee of the body, 
pn'viously welling its' parts wdth a saline solution, to n'nder 
. the contact mori' pertect. I'lie effects on the? body appeared 
quite as gnuit as wlnm (in* large m'vvi.'S were touched. 'I'he 
poles of the apparatus were ^ihux'd in the above manner, one 
to tlic leg, ihi) other lo diftcrent parts of the face. The facial 
muscles were alternaU'ly thrown into ac tion a (lillehMit 
m*rvos of I lie facc^ w ere' louehod. 'The cfiect ol this was ler- 
rilie in tlui ('xtrenu'. hAi'i’y musch? of \]\c grim murd(*ver\s 
countenaTiv’C was ihrmvn into ihe most liorrible contortions : 
rag(', horror, anguish, and de.‘‘pair, the most rapid smiles, the 
most liich‘ous ('\j>re>sioiis ol* (oiitempt and liatnxl, by turns 
wc'ie (h'picltd on his countenance, and gave a fearful wildness 
lo his face, wliich far surpassed even the most vivid imagina- 
tion from h'useli’s brain, or Kc'aiPs seeiiie display tliat we ever 
- w itnessed. Sevc'ral of the; audn nee* were c'xeessiv c'ly a[)])all«xl ; 
some h'ft in double cjuick time, aiul many conf('s^ed, that, if 
they had staid, they ccTlairily shruld have fainted. At one 
part of the ojioral ions, w hen the murderc'r raised his right arm 
and passed it in ditfere.it directions, we saw the clieoks of 
several stout hearted fellows Idanched with fenir : and om', 
whose name we do not w’ish to mention, actually whisjiered 
sure, he has come to life.” Above an hour was spe nt iu tlu^ 
experiments^ and then tin* jirison was cleared aiul (lie body 
removed urfder 1 he directions of the surgexiiis. — Jer^c/f 7r?/tcs 
uttd N^iral and jMHifanj Chronicle. 
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On Thursday afternoon, the hUh of June, tlie Town of 
Croydon, in Surrey, was visited hy a most tremendous storm 
of lightning and thunder. It commenced about 5 o^clock and 
raged with great violence for a considerable time. A young 
man, name^ VVilliam Mackrell, in the employ of Mr. Walters, 
of Ridley Oaks, being engaged in pitching some fold stakes 
and was aboiu^ to leave his work, and shelter in the house, 
when4io was struck hy the electric fluid and fell to the ground 
quite dead. Sonic stakes which he held in his hand at the 
time were shivered pieces. Ho was a line strong man, 
about 3U y«‘ars of age. A great deal of in jury was done to 
j)roperty in the neigh iMurhood, 


To obtain Potassium hy t'oUaic action, ^^A thin piece^’ 
of hydrate of potassa is placed hetweeri two discs of platina, 
connected with the extremities of a voltaic apparatus of 200 
double plates ; it will soon undergo fusion, oxygen will separate 
at the positive surface, and small ghV^M-tlcs will appear at the 
negative surface, which consist of potassium.’’ I discovered 
this metal in the beginning of October 1807. — Sir H. Davy, 

One hundred two-inch plates of a Cruickshank’s battery de- 
composes the potassa very well. If the battery be too active* 
the liberated potassium is apt to take fire. . Edit. 


Amalgam .for the liuhhers of Elect rival Machines, 

The amalgam which I is made by melting together 
one ounce of tin and two ounces of zinc, which are mixed 
whilst fluid, with six ounces of mercury, and agitated in an 
iron or wooden box until cold. It is then reduced to a flrq» 
powder in a mortar, and mixed with sutliciont hog’s lard tc 
form a paste.” Singe/i , 

F'use a small quantity of zinc either in a crucible or ladle, 
and pour it gently into about four limes its weight of mercury, 
previously heated in a .stone or iron mortar, and stir it well 
during the time with the warm pestle. Continue to rub the 
amalgam till quite cool, in order td'incc'rporate the two metals 
completely; which if well performed, \dll give the amalgam 
a smooth butter-like consistence. It may be made softer, 
if necessary, by adding mercury during the process, lliis 
amalgam, mixed with a very little tallow, is the host we have 
yet used. ^ Edit. 
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§ 20. Nslure of ike ekclrk ^orce or forces. 

1667 . The theory of induction set forth and illustrated in the 
three preceding, series of experimental researches does not assume 
anything new as to the n.ature of the electric force or forces, but 
only as to their distribution. The effects may depend upon the 
association of one electric fluid with the narticles.of matter, as in 
the themy of Franklin, Epinus, CaVendisn, and Mossotti ; or they 
miiy depend upon the assneiittion of two electric fluids, as in the 
theorj' of Dutay and Poisson ; or they may not depend upon any- 
thing vhich can properly be called the dectric fluid, but on vibra- 
tions or other affections of the matter in which tltey appear. The 
theory is unaffected by such differences in the mode of viewing the 
lui^n of the forces; and tliough it professes to perform the im- 
.pwi&t of ^tihg hon^ thp powers .ire arranged (at least in 
ilidtKaSjit |||hehoniem), it does not, as, far as I can yet perc^e, 
a single esperiraent which can be cowidered as a distin- 
guishing test of the truth of any one of these various views. 

Voi; V,~Nft 30 , TlneiiAer, 1840 
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1668. But, to ascertain how the forces are arranged, to tnace 
them in their various relations to the particles of matter, to deter- 
mine their general te.ws, and also the specific differences which 
occur under these laws, is as important as, if not more so than, to 
know whether the forces reside in a fluid or not; and with the 
hope of assisting in this research, I shall offer some-further develop- 
ments, theoretical and experiinental, of tlie conditions under which 
I suppose the particles of matter are pl.iced when exhibiting induc- 
tive phenomena. 

166.9. The theory assumes that all the parliclcs, ’whether of 
insulating or conducting matter, are as wholes eftnduetors. 

1670. That not being polar in their normal state, they can be- 
come so by the influence of neighbouring charged particles, the 
poLar state beii^g developed at the instant, exactly as in an insu- 
lated conducting mass, consisting ot many particles. 

1671. That the particles wdieii polarized are in a forced state, 
and tend to' return to their normal or natural condition. 

1672. That being as wholes conductors, they can readily be 
charged, either bodily or polarly. 

1673. That particles which being cpntigucus are also in the 
line of inductive action can communicate ’or transfer their polar 
forces one to another more or less readily. 

1674. That those doing so less readily require the polar forces 
to be raised to a higher degree before this transference or commu- 
nication takes place. 

1675. That the m/Jy communication of forces between conti- 
guous particles constitutes conducliouy and the difficult communica- 
tion insulation ; conductors and insulators being bodies wliose 
particles naturaftj’^ possess the property of communicating their 
respective forces easily or with difficulty ; having these differences 
just as they have differences bf any other natural property. 

1676. That ordinary induction is the effect rcsultiftg fropi the 

action of matter charged with excited or free electricity upon insu- 
lating matter, tending to produce in it an equal amount of the 
contrary state.. ^ 

1677- That it can do this only by polarizing the particles con- 
tiguous to it, which perform the same office to the next, and these 
again to those beyond ; and that thus the action is propagated 
from* the excited body to the next conducting mass, and there 
renders the contrary force evident in consequence of the effect of 
communication which supervenes in the conducting mass upon the 
polarization of the particles of that body (1675.J. 

1^8. That therefore induction caft only take place through or 
across insulators ; thii^ induction is insulation, it being the neces- 
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sary consequence of the state of the particles and the mode in 
which the influence of electrical forces is transferred or transmitted 
tlirough or across such insulating media. • 

1(579. 'I'he particles of an insulating dielectric w hilst under in- 
duction may be compared to a scries of small%iagnetic needles, or 
more correctly still to a series of small insulated conductors. If 
the space roiind a charged globe were filled with a mixiure of an 
insulating dielectric, as oil of turpentine or air, and small globular 
conductors, as shot, tlie latter being at a little distance from each 
other so as to be insulated, then these would in their condition and 
action exactly resemble what I consider to be the condition and 
action of the particles of the insulating dielectric itself (1337)- If 
the globe were cliargt*d, these little conductors would all lie polar ; 
if the globe were discharged, tln^y w'ould all return to the r normal 
state, to lie polarized again upon the recharging of the globe. 'I’he 
state develojicd by intluctioii throiigb such particles on a mass of 
conducting matter* at a distance would be of the contrary kind, aiul 
exactly e<iual in amount to the force in the iiiductric globe, d'hcre 
would be a lateral diflusion of force (122 1. 12.97.), because t*aeh 
polarized sphere woujd be in an active or temse relation to all those 
contiguous to it, just •as oiift magnet, can alfeet two or more mag- 
netic needles near it, and these again a still greater number beyond 
tl’iem. Flencc would result the ])roduction of curved lines of in- 
ductive force if the inducteous body in such a nu'xed dielectric were 
an uninsulated metallic hall (1219. or other properly shaped 

mass. Such (uirvcd lines are the consccpienccs of the two electric 
forces arranged as I have assumed them to be : and, that the in- 
ductive force can be <b*rcctc*d in such curved lines is the strongest 
proof of the presence of the two powers and the pol**); condition 
tJie dielectric ]iarticies. 

1()\S0. I think it is evidcMit, that in the case stated, action at a' 
distance can only resiik through an action of the contiguous con- 
ducting particles. There is no •reason why the inductive body 
should poliU'i/.e or aflect f/i.vb//// conductors and leave those near it, 
namely the partielcs of the dielectrie, unaffected ; and everything 
in the form of fact and experiment with ctnulucting nvnsses or par- 
ticles of a sensible sjze contradicts such a suppo.sitii>n. 

1681. A striking character of the elertric power is that it is 
limited and exclusive,, and that the two forces l>eing always present 
are exactly equal in amount. The fprees are related in one of two 
ways, either as in the natural normal edndition of an uncharged 
insulated conductor ; or as in the charged state, the latter being a 
case of induction. 

16S2. Cases of induction *ar<? easily arranged so that the two 
forces being limited in their direction shall present no phenoniena 
or indications external to the apparatus employed. • Thus, if a 
Leyden jar, having its external coating a little In’gher than the in- 
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terna I, be charged and then it 9 charging ‘ball and rod removed'^ 
8uch jar wi|] present no electrical appearances so long as its outside 
ia uninsulated. The two forces which may be said to be in the 
coatings^ or in tlie particles of the dielectric contiguous to them, are 
entirely engaged to •each other by induction through tlie gla:?s ; 
and a .carrier ball ( 1181 .) applied either to the inside or outside of 
the jar will show no signs of electricity. But if the jar be insulated, 
and the charging ball and rod, in an uncharged state and suspended 
by an insulating thread of white , silk, be restored to their place, 
then the part projecting above the jar will give electrical indications 
and charge the carrier, and at the same time the onlxule coating ol' 
the jar will be found in the opposite state an^ inductric tow’ards 
external surrounding olyects. 

These arc simple consequences of tlie theory. Whilst the 
charge of the inner co;iting could induce only through the glass 
towards the outer coating, and the latter contained no more of the 
contrary force than was equivalent to it, no induction external to 
the jar could be perceived ; but when the inner coating was ex- 
tended by the rod and ball so that it could induce thiough tlic air 
towards external objects, then the tension o^’ the polarized glass 
molecules would, by their tendency to rctiirh to the normal state, 
fall a little, and a portion of the charge passing to the siirlace of 
this new part of the inner conductor, would produce inductive 
action through the air towards distant objects, whilst at tlu' same 
time a part of the force in the outer eoating previously directed 
inwards would novr be at liberty, and indeed be eojjstraincd to in- 
duct outwards through the air, producing in that outer coating 
wdiat is sometimes called, though I ihink.veiy improperly, free 
tfliarge. If a "Tuall l.eydeii jar be converted into* form of 
apjwatiis usually known by tlie nanu* of the electric well, it will 
illustrate this action very ccuiplctely. 

lC8 t. 'I’he terms and dissimulnlvd c/ccZ/vW/y convey 

therefore erroneous notions if they are meant to imjKy r'uiy .differ- 
ence as to the mode or kind of action, 'i'he charge upon an in- 
sulated conductor in the middle of a room is in the same relation 
to the walls (if that room as the charge upon the inner coating of a 
Leyden jar is to the outer coating of the same jar. 1’ he one is not 
moYfd free or more dissimulated than the other ; and when sometimes 
we make electricity appear where it was notevident before, as upon 
the outside of a charged jar, when, after insulating it, we touch 
the inner coating, it is only because we divert more or less oi’ the 
inductive force from one direction into another ; tor not the slightest 
change is in such circumstances impressed upon the character or 
action of the force. * . 

flaviiig given this general theoVetical view, I will now 
notice particular j^oims relating to the naturfe*of the assumed electric 
polarity of the insulating dielectric particles. 
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idSfi* The polar stiiVe may be coosidered in comuif>n induction 
as a forced sbatc, the particles tending to return to their normal 
condition. It may probably be raised to a very high degree by 
a])proximation of the indiictric and inducteous bodies or by other 
eircllm^ 5 tances ; and th.e phenoihcna of electrolyzation (8 (>1 . 

170(i.) seem to iip.})ly that the (juantity of power which can thus l)c 
accumulated on .a single particle is enormous. Hereafter we may 
be able to com})are corji'i'^cular forces, as those of gravity, cohesion, 
electricity, and clievnit al affinity, and in some way or (jtlier from 
their effects deduce their relative equivalents ; at ]>rescnt we are nor 
ai)le to do so, ])ut there seems no reason to doubt that their elce- 
trieal, wiiieh are at the same time their chemical forces 1)18.), 

will be by far the most energetic. 

J(jS7. I do not consider the powers wl^cn developed by the 
polarization as limitc'd to two distinct points or spots on the surface 
of each particle to ben cMuisidered as tlic poles of an axis, but as 
resident on large pijrtions of that surface, as they are upon the 
surface of a coiuluetor ()f sensible size when it is thrown into a 
polar .Slate. Ihit it i.s very probable, not wir/ist.inding*, that 
tile particles of diffiVi'Ut bodies may jiresent sjH‘(‘ific (iifferc*nces in 
this respeei, tlie ])owr*rs not being ecpially diffused though ecpnl 
in (juantily ; other ciremostanef's also, as form and quality, giving 
to eaeli a peculiar polar r(‘latit»n. It i!»pcrhaps to llie cxistencejof 
some sucli (iiftcrencc.s as these tliat we may attribute the specific 
actions of the dilfercnt dielectrics in relation to discliargc (ISqi- 
l.'iOS.) 'rinus with resja'ct to oxygen and nitrogen singular con- 
trasts were presented w hen spark and brush discharge w ere made 
to take jilacc in these gases, ns may he .seen by reference to the 
'fable in paragraph 1.018 of ilie Thirteenth Series >for w ith nitr<?- 
gen, when the small negative or the large positive ball was reiulered 
inductrie, the effects lan-responded with those whicli in oxygen Mere 
produced when the small positive or the large negative ball was 
rendere# inJuctric. • 

1()88. In such solid bf»(lics as glass, lac, sulphur, ^:c., the parti- 
cles appear to be able to beconu' polarized in all directions, for a 
mass w hen experimented upon so as. to ascertain * its iiuhictive 
capacity in three or more directions (!f»pO.), gives no indication of 
a difference, Now^ as the ]\irticlc.s arc fixed in the nia.ss, and as the 
direction of the induction through them must change with its 
change relative to the ma.<s, the constant effect indicates that they 
can be polarized electrically in any direction. This accords w ith 
Uie view already taken of each particle as a whole being a con- 
ductor (Uif)}).), and. as an experimental fact, helps to confirm 
that view. • ♦ • 

1680. But though particles may thus be jiolarizcd in anif direc- 
tion under the influence 'of powers which are probably of extreme 
energy it doe* 'not follow that each particle may not tend 

to polarize to a greater degree, or w'ith more facility, in one direc- 
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tion than .another ; or that clifTerent kinds may not have specific 
differences in this respect, as they have differences of conducting 
and other powers ( I 296 - 1326. 1395). I sought with great anxiety 
for a relation of this nature; and selecting crystalline bodies as 
those in which all the particles are symmetrically placed, and there- 
fore best fitted to indicate any result which might depend upon 
variation of the direction of the forces to the direction of tlie p.u- 
ticles in which they were developed, experimented very carefully 
with them. I was the more strongly stimulated to this inquiry by 
the beautiful electrical condition of the crystalline bodies tourmaline 
and boracite, and hoped also to discover a relation between electric 
polarity and that of crystallization, or even of cohesion itself (131 (>.). 
My experiments have not established any connexion of the kind 
sought for. But as I think it of equal importance to show either 
that tliere is or is not such a relation, I shall briefly describe the 
results. 

1690. The form of experiment w’as as Ibllc^s. A brass ball 0*73 
an inch in diameter, fixed at the end of a horizontal brass rod, and 
that at the end of a brass cylinder, was by* means of the latter con- 
nected with a large Leyden battery (2}J1.) by perfect metallic 
communications, the object being to keej) that^Ldl, by its connexion 
with the charged battery in an electrified stated very nearly uniform, 
for half an hour at a time. 'Fins was the inductric ball. The 
inducteous ball was the carder of the torsion electrometer 
1314.); and the dielectric between them was a cube cut from a 
crystal, so that two of its faces shoujd be perpendicular to the 
optical axis, whilst tlie other four were parallel to it- A small 
])rojecting piece of shell-lac was fixed on the inductric ball at that 
part opposite to the attachment of the brass rod, for the purpose of 
pieventing act..al contact between the ball and the crystal cube, 
A coat of shell-lac was ah:o attached to that side of the carrier ball 
which was to be towairds the»eube, being aTfeo tliat side which was 
furthest from the repelled ball in the electrometer when placed in 
its position in that instrument. Th*c cube was covcrcc^wiH cj thin 
coat of shell-lac dissolved in alcohol, to prevent the deposition of 
damp upon its surface from the air. It W'as supported upon a 
small lable of •shell-lac fixed on the top of a stem of the same sub- 
stance, the latter being of suflicient strength to sustain the cube, 
and yet flexible enough from its length to act as a spring, and 
allow the cube to bear, when in its place, against the shcll-lac on 
the inductric ball. 

I 69 L Thus it wais easy to bring the inducteous ball always to 
the same distance from the inductric ball, and to uninsulatc and 
insujate it again in its place ; and then, after measuring the force 
in the electrorafter^l 181.), to return it ^to its place opposite to the 
inductric ball for a second observation. Or it was easy by revolv- 
ing the stand which supported the cube tor bring four of its faces 
in succession towards the inductric ball, arttl so observe the force 
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when the lines of inductive action (1504.) coincided with, or were 
transverse to, the direction of the optical axis of the crystal. Gene* 
rally from twenty to twenty-eight observations were made in sue* 
cession upon the four vertical foces of a cube, and then an average 
expression of the inductive force was obtained, and compared with 
similar averages obtained at other times, every precaution being 
taken to secure accurate results. 

1()92. The first cube used was of rock crystal ; it was 0*7 of an 
inch in the side. It presented a remarkable and constant differ- . 
ence, the average of not less than 197 observations, giving 100 for 
the specific inductive capacity* in the direction coinciding with the 
optical axis of the cube, whilst 95“59 and .95-31 were the expres- 
sions.for the two transverse directions. 

1693* But with a second cube of rock ciystal corresponding 
results were not obtained. It was 0*77 of an inch in the side. 
Tlie average of many experiments gave 100 for tJie specific induc- 
tive capacity coinciding w-ith the direction of the optical axis, and 
98*6 and 99'92jtbr the tw'o other, directions. 

1<)94. Lord Ashley, whom I have found ever ready to advance 
the cause of science,* obtained for m^ the loan of three globes of 
rock crystal belonging to ller Grace the Duchess of Sutherland 
for the purposes of this investigation. Two had such fissures as to 
render them unfit for the experiments (1 193. I698.). The third, • 
which was very superior, gave me no indications of any difference 
in the inductive force for different directions. 

169*'^* I then used cubes of Iceland spar. One 0*;*) of an inch 
in diameter gave 1 00 for the axial direction, and 98 (')() and 9o*74 
for the tw’o cross directions. The other, O-S of an inch in the side, 
gave 100 for the axial direction, wdiiUt 101-73 and Ifll-Hb' were the 
numbers for the cross direction. 

* 

. Besides these differences there were others, which I d® 

nof think^t iijcdful to state, sineg Uie main point is not confirmed- 
For though the experiments with the first cube raised great ex- 
pectation, they have not been generalized b)- those which follow ed. 

I have no doubt of the results as to that cube, but they cannot as 
5"et be referred to crystallization. There are in the cube some 
iaintly coloured layers parallel to the optical axis, and the matter 
which colours them may have an influence ; but then the layers are 
also nearly parallel to a cross direction, and if at all influential 
should show some effect in that direction also, which they did not. 

1697. In some of the experiments one half or one p.^rt of a cube 
showed a superiority to another part, and this I could not trace to 
any charge tbe different parts had received. It w.as found that the 
varnishing of the cubes prevented any communication of charge 
to them, except (in a few experiments) a small degree of tlie nega- 
tive state, or that which was contrary to the state of the inductric 
brill (1564. 1566.). . - 
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1.698« I think it right to say that^ as far as I could perceive* the 
ih^edatihg character of the cubes used was perfect, or at least bo 
nearly perfect, as to bear a comparison with shell4ae, glass, &c. 
(1255.). As to the cause of the differences, other than regular 
crystalline structure, there may be several. Thus minute fissures 
in the crystal insensible to the eye may be so disposed as to produce 
a sensible electrical difference (1 Or the crystallization may 
be irregular; or the substance may not be quite pu^c; and if 
. we consider how minute a quantity of matter will alter greatly 
the conducting, power of water, it will seem not unlikely that a 
little extraneous matter diffused through the wdiole or part of a 
cube, may produce effects sufficient to account for all the irregula- 
rities of action that have been observed. 

IfipS- An important inquiry regarding the electrical polarity of 
the* particles of an insiilating .diclectiic, is, whether it be the mole- 
cules of the particular substance acted on, or the component or 
ultimate particles, w'hich thus act the part of insulated conducting 
polarizing portions (UiOi)-)* 

liOO. The conclusion I have arrived is, that It is the mole- 
cules of the substance which ^lolarize as wholes (1347.) ; and that 
however complicated the composition of a boay may be, all those 
particles or atoms wliich are lielci together by chemical affinity to 
, form one molecule of the resulting h^^dy, act as one, conducting 
mass or particle when inductive ]>henomena and polarization are 
produced in the substance of which it is a part. 

1701 . This conclusion is founded on several considerations. 
Thus if we observe the insulating and conducting powder of ele- 
ments when they are used as dielectrics, we find some, as sulphur, 
phosphorous, /hiorinc, * iodine, &c , whose particles insulate, and 
therefore polarize in a high degree ; whereas others, as the metals, 
give scarcely any indication^of possessing m- sensible proportion of 
this power (1328.), their particles freely conducting one to anoth^. 
Yet when these enter into combination they form substances having 
ho direct relation apparently, in this respect, to their element! ; for 
water, sulphuric acid, and such compounds formed of insulating 
elements, conduct , by comparison freely ; whilst oxide of Icad^ flint 
glass^ borate of lead, and other metallic compounds containing very 
d^gh proportions of conducting matter, insulate excellently well. 
vTaking oxide of lead therefore afs the illustration, I conceive that 
H is not the particles of oxygen and lead which polarize separately 
under the act of induction, but the molecules of oxide of , lead 
exhibit this effect, all the elements of one particle of the 
fUsultthg body, being held together as parts of one conducting 
indiVfdufd by the bonds of chemical afijnity '; which is but another 
term, for electrical force (918.)^. * 

i7<)2. In bodies which are electrolytes we have still further 
reas^ fqr believing in such a state of things. Thus when water. 
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chloride of tin, iodi le of lead, &c. in the solid state are between 
the electrodes ol the voltaic battery, their particles polarize as those 
of any other insulating dielectric do (11(14.) ; but when the liquid 
state is conferred on these substances, the polarized*pfirticles divide, 
tlietwo halves, each in a* highly charged state, travelling 'onwards 
until they meet other particles in an opposite and equally charged 
state, with which they combine, to the neutralization of their 
chemical, i. e. their electrical forces, and- the reproduction of com- 
pound particles, which can again polarize as wholes, and again 
divide to repeat the same series of actions ( 1347.)' 

1703 . But though electrolytic particles polarize as wlmles, it 
would appear very evident that in them it is not a matter of entire 
indiflTcrcnce how the particle polarizes ( 1689 .), since, when free to 
move (380, &c.) the polarities are ultimately distributed in refer- 
ence to the elements ; and sums of force equivalent to the polari- 
ties, and very definite in kind- and amount,* separate, as it were, 
from each other, and travel onwards with tlic elementary particles* 
And though 1 do not pretend to know what an atom is, or liow it is 
associated or endowed witli electrical force, or how this force is 
arranged in the cases of combination and decomposition, yet the 
strong belief I have in the electrical polarity of particles when 
under inductive actfon, and the bearing of such an opinion on the 
general effects of induction, wliether ordinary or electrolytic, will 
be my excuse, 1 trust, for a few hypothetical considerations. 

1704 . In electrolyzation it appears that the polarized particles 
would (because of the gradual change which has been induced 
upon the chemical, i. e. tbe electrical forces of their elements 

rather divide than discliarge to each other without division 
(1348.) ; for if. their division, i. e. their decomposition and re- 
combination, be prevented by giving them the solid %tate, then thay 
will insulate electricity perhaps a luindredfold more intense than 
tliat necessary for their electrolyzation,(41(), &c.). Hence the ten- 
sion necessary for direct conduction in such bodies appears^o be 
much highef than that for decomposition (41S). 1164. 1344.). 

1705 . The remarkable stoppage of ‘electrolytic conduction by 
solidification (380. 1358.), is (|uite consistent with these views of 
the dependence of tliat process 011 llie polarity whichds common to 
all insulating matter when under induction, though attended by 
such peculiar electro-chemical results in the case of electrolytes. 
Thus it may be expected that the first effect of induction is so to 

K ’ze and arrange the particles of water tliat the positive or 
gen pole of each shall be ftom the p<>sitive electrode and 
towards the negative electrode, whilst the negative or oxygen pole 
of each shall be in the contrary direction ; and thus when the 
oxygen and hydrogen of a parj;icl%of water have separated, passing 
to and combining with other hydrogen and oxygen particles; unless 
Wiese new particles of water could turn rouml they could not take 
tip that position necessary for their successful electrolytic polariza- 
- * . • 3 E 
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tion. Now solidification^ by fiicing the water particles and pre- 
venting them from assuming that essential preliminary position, 
prevents also their electrolysis (413.) ; and so the transfer of forces 
an that manner being prevented (1S47. 1703.), the substance acts 
is* an ordinary insulating dielectric (for it is evident by former ex- 
periments (419, 1704.) that the insuLiting tension is higher than 
the electrolytic tension), induction through it rises to a higher 
.degree, and the polar condition of the molecules as wholes, though 
greatly exalted^ is still securely maintained. 

1706. When decomposition happens in a fluid electrolyte, I do 
not suppose lliat all the molecules in the same sectional plane 
(1634.) part with and transfer their electrified particles or elements 

• at once. Probably the discharge force for that plane is summed 
lip on one or a few particles, which decomposing, travelling and 
recombining, restore the bahanee of forces, much as in the ease of 
spark disruptive disehfirge (1406’.) ; i<ir as those molecules result- 
ing from particles wliicli have just transferred j)Ower must by their 
position (170a.) be less favourably circumstanced than others, so 
there Inust be some which are most favourably disposed, and these, 
by giving way first, will for the time lower the tension and pro- 
duce discharge. 

1707. In former Investigations of the action of electricity (821, 
&c.) it was shown, from many satisAictory cases, that the cjiiantity 
of electric powder transferred onwards Avas in proportion to and 
was definite for a given quantity of matter moving jis anion or 
cathion oinvards in the eleclroljtic line of action ; and there was 
strong reason to believe that each of llie particles of matter then 
dealt w'ith, had associated with it a definite amount of electrical 
fqrce, constituting its force of chemical affinity, tlie chemical equi- 
valents and the^ electro- chemical eipiivaleiits being the same^ (8.3G.). 
It was also found with few, and I may now pevhyps say wdth no 
exceptions (1341.), that only those compounds containing elements 
in sinifle proportions could exhibit the characters and phenomena 
of electrolytes (697-) ; oxides, chlorides, and other bodies contain- 
ing more than one proportion of the electro negative elcmeift re • 
fusing to decompose under the influence of the electric current. 

1708. Probable reasons for these conditions and limitations arise 
out of the molecular theory of induction. Thus when a liquid 
dielectric, as chloride of tin, consists of iQolecules, each composed 
of a single particle of each of the elements, then as these can 
convey equivalent opposite forces by their separation in opposite 
directions, both decdfnposition and transfer can result. But when 
the molecules, as in the bichloride of tin, consist of one particle or 
atom of one element, and tw^o of the other, then the simplicity 
with which the particles may be^suppoaed to be arranged and to 
act, is destroyed. And, though it may be conceived that when tl^ 
molecules of bichloride of tin are polarized as wholes by the in- 
duction across them, tlie positive polar foroc might accumulate on 



417 


By Or, Faraday. 

the one particle of tin whilst the negative polar force accumulated 
on the two particles of chlorine assoemted with it, and that these 
might respectively travel right and left to unite witli other two of 
chlorine and one ol* tin, in analogy with what happens in cases of 
compounds consisting of single proportions, yet this is nof alto- 
gether so evident or probable. For when a particle of tin com- 
bines with two of chlorine, it is difficult to conceive that there 
should not be some relation of the three in the resulting molecule 
analogous to fixed position, the one particle of metal being per- 
haps symmetrically placed in relation to the two of chlorine : and, 
it is not diffiailt to conceive of such particles that they could not 
jissume that pHttion dependent l)oth on their polarity and the re- 
lation of thf ir elements, which appears to be the first step in the 
process of clectroly zation ( 1 3 15. 1 7 05.). 

§.21. llelation of I he electric and magnetic forcoi, 

♦ 

170.9, I have already ventiired a few specidations respecting the 
probable relation of uijgnc'ti.sm, as the transverse force of the cur- 
rent, to the divergent or trahsv«*rse force of the lines of inductive 
action belonging toi«tatie electricity (HioS, i^’C.). 

1710. In the further consideration of this subject it appe.ared to 

me to be of the utmost importance to ascertain, ii* possible, wdiethcr 
this lateral action wlii(‘li \vc call magnetism, or sometimes the in- 
duction of electri(‘al currents (2(i. 101-8, ^vc.), is extended to a dis- 
tance hif the. action of the intermediate pariiclea in analogy with the 
indiictioii of static electricity, or the various effects, such as con- 
duction, discharge, ivc., wliich arc dependent on that induction ; 
or, whether its influence at a distance is altogether independent of 
such iiit(?rmcdiatc particles (1()()2.). * 

1711. I arranged two magiU'to-elec;tric helices with iron cores 
end to cud, hut wnth an iiUtu’val of an inch and three (picarters 
between them, in wdiicli intcrvi\l was placed the end or po e of a 
bar nmgnet. Jt is evident, that on moving tlie magnetic ])olL‘from 
one core towards the other, a current woidd tend to form in both 
helices, in the one because of the lowering, and in the other be- 
cause of the strengthening of the magnetism induced in the rc-^ 
spcctive soft iron cores. The helices were comiected together, 
and also with .a galvanometer, so that these two currents sliould 
coincide in direction, and tend by their joint .force to deflect the 
needle of the instrument. 7'he whole arrangement was so effec- 
tive and delicate, that moving the magnetic pole about the eighth 
of an inch to and fro two or three times, in periods cipial to tho&e 
required for the vibrations of the galvanonieter needle, was suffi- 
cient to cause considerable \4bration in the latter ; thus showing 
readily the consequence of strengthening the* influence of the 
magnet on the one core and helix, and diminishing it on the other. 

1712. Then without’ disturbing the distances of the magnet and 
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cores, plates of substances were interposed. TJms calling the two. 
cores A and B, a plate oK shell-lac was introduced between the 
magnetic pole and A for the time occupied by the needle in swing- 
ing one way j then it was withdrawn for the time occupied in the 
return swing ; introduced again for another ecpial portion of time ; 
withdrawn for anotlier portion, and so on eight or nine times ; 
but not the least eifect was observed on the needle. In other cases 
the plate was alternated, i. e. it was introduced between the mag- 
net and A for one period of time, withdrawn and introduced 
betw’cen the magnet and B for the second period, withdrawn and 
restored to its first place for the tliird period, and ^ on, but with 
110 effect on the needle. * 

171 .". In those experiments .v//c//-/^/r in plates 0*9 of an inchin 
thickness, sulphur in a plate 0'9 of an inch in thickness, and copper 
in a plate 0*7 of an iifch in thickness were used without any effect. 
And I conclude that bodies, contrasted by tlie e.xtremes of con- 
ducting aiut insulating power, and opposerl *to eaeli other as 
strongly as metals, air, and snlpluir, show no difference with re- 
sfiect to magnetic forces when placed in tlieir lines of action, at 
least under the circumstances descril)(*d. 

171 Witli a plate of iron, or even a sm.‘?ll ])ieee of that metal, 
as the head of a nail, a very crilFerent effect was produee<l, for tl'en 
tlic galvanometer iinihediately showed its sensibility, and the per- 
fection of the general arrangement. 

o o 

l7lo. I arranged matters so that a plate of copper 0*2 of an incli 
in thickness, and ten Inches in diameter, should have the part near 
tlic edge interposed between the luagnet and the core, in whieh 
situation it was first rotated rapidly, and tfien held rjiiiescent alter- 
nately, for pei lods according with tliat reepnred for the swinging of 
the needle ; but not the lea>t effect upon th#- galvanometer was pro- 
duced 

1716 . A plate of shell-lac 0*(j of an inch in thickness was ap- 
plied in the same manner, but wlicther rotating or noi it prcs^luced 
no effect. 

1717 . Occasionally tlie plane of rotation was directly across the 
magnetic curve : at other limes it was made as ol)li(jue as possible ; 
the direction of the rotation being also changed in different experi- 
raents, but not the lca.st effect was produced. 

171 S. I now removed the helices with their soft iron cores, aiu} 
replaced tliem by two JIaf helices wound upon card board, e.ich con- 
taining forty-two feet of silked copper w ire, and having no associ- 
ated iron. Otherwise tlic arrangement W'as as before, and exceed- 
ingly sensible ; tor a very slight motion of the magnet between the 
helices produced ap abundant vibration of the galvanometer needle. 

1719 . The introduction of })lates of shell-lac, sulphur, or copper 
into the intervals between the magnet aiid these helices ( 171 . 1 .), 
produced not the least cflcct, NNlietlier the former were* quicsc(‘nt or 
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in rapid revolutron (17F>.)* So here no evidence of the Influence 
of tlie intermediate particles could be obtained (1710.). 

1720. The magnet was then removed and replaced by a flatjic- 
lix, corresponding to the two former, the three being parallel fto 
each other, 'i'ho middle helix was so arranged that a voltaic cur- 
rent could be sent througlnt at jdcasure. The former galvanome- 
ter was removed, and otk^ with a double coil employed, one of the 
lateral helices being connected with one coil, and the other helix 
with the other coil, in sueli maimer tliat when a voltaic current was 
sent through the middle helix its inductive action (2(>.) on the lateral 
helices should cause cun cuts in them, having contrary direction* in 
the coils of the g*il vaiiniiK^ter, By a little adjustment of the distances 
these induced currents vmmv rendered exactly equal, and the galva- 
nometer ju*(‘dlc remaiiKjd stationary notwithstanding their frequent 
produetion in the instrument. J will call tlic middle coil C, and 
the external coils A and B. 

1721. A plate of copper 07 of an inch thick and six inches 

scpiare, was placed Inrtvveen coils C and Ih tlieir respective dis- 
tances remaining unchanged ; and then a voltaic eurrciit fioiu 
tw'enty p;grs of l-ineli plates w'as sent through tlie coil C, and in- 
termitted, in periods fitted to produce an effeet on the galvanome- 
ter (1711*.), if any difiereiice liad been produced in the ell'eet of(.! 
on A and B. But notwitlistanding the presence of air in one inter- 
val and copper in the other, the inductive eflect was exactly alike 
^ the two coils, and as if air liad occupied botli intervals. So that 
notwithstanding tlio facility w ith w liich any induced enrrents might 
form in the lliick copperplate, the coil onlside ofitwas|usl as 
junc^i affected by tlu? (‘(‘utral helix C as if no such conductor as the 
copper had been there (tio.). ^ 

17212. 1'Jieii, for the co])per pl.ite was substituted one of sulplmr 
O f) of an incli thick ; still the results iwerc <?xaelly the same, i. e. 
there was no action at the galvamaneler. 

172^1. Thus it appears that w neii a voltaic current in one w ire is 
exerting its inductive action to piaxlucy; a contrary or a similar cur- 
rent ill a neiglibouring wire, according as the primary current is 
commencing or ceasing, it makeS||nol the least difTenence wdiether 
the intervening space is occnpic'd by such insulating bodies as nir, 
sulphur and shell-laC; or such conducting bodies copper, and the 
otlier nou-m«gnctic metals. 

1724. A correspondent effect w^ijs obtained with the like forces 
when resident in a magnet tlius. A single flat helix (171S.) was 
connected with a galvanometer, and a magnetic pole placed near to 
it ; then by moving the magnet to and from the helix, or the helix 
to and from the magnet, currents were produced indicated by tlie 
galvanometer. 

1725. Tlie thick copper plate (1721.) was afteiwards interposed 
between the magnetii* pole and the helix : nevertheless on moving 
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these to and fro, effects, exactly the same in direction and amount, 
were obtained as if the copper had not been there. So also on in- 
troducing a plate of sulphur iuto the interval, not the least influence 
on the currents produced by motion of the magnet or coils could 
be obtained- ^ 

172f). These results, with many others wliich I have not thought 
it needful to describe, would lead lo the cu3ncliision that (judging 
by the mnonnt of effect produced at a distance by forces transverse 
to the electric current, i. e. magnetic forces,) the intervening mat- 
ter, and therefore the intervening particles, have nothing to do with 
the phenomena ; or in other words, that though the inductive force 
of static electricity is transmitted to a distance by Vie action of the 
intermediate particles (IKM. iflOY).), the transverse inductive force 
of currents, which can also act at a distance, is not transmitted by 
the intermediate particles in a similar way. 

1727 . It is however very evident that such a conclusion cannot 

be considered as proved. Thus wdien the metal co)>per is between 
tlie pole and the helix (171 •'3. 171f.)- 1725.) or between the two 
helices ( 1721 .) w'C know that its particles are affected, ||iid can by 
pro])<T arrangcineiits make their peculiar slate for the time vciy 
evident by the jiroduction of either electrical or magnVtical effects. 
It scorns impossible to consider this effect on the jiarticlcs of the 
intervening matter as independent of that producecl by the induc- 
tric coil or magnet C, on tlie inductcous coil or core A (1715. 
1721 .); for since the inductcous body is equally .affected by tiMl 
inductric body whether these intervening and iiffeeled particles of 
copper are present or not (I72'k 172.'>.), such a supposition would 
im()ly that the particles so affected liad no reaction back on tlie 
original inductric Ibrces. I'lie more reasonable conclusion, as it 
appear- to me, is^ to consider these affected particles as efficient in 
continuing the action onwards from the inductric to the inductcous 
body, and by this very communication producing the effect of no 
loss of induced power at the lattei-j ^ 

1728 , lint then it may be Asked what is the relation of life par- 
ticles of insulating bodies, stich as air, sulphur, or lac, when fhvjf 
intervene in the line of magnetic action ? Tlie answer to this is at 
present merely eonjeetural. I iftve long thought there must be a 
particular condition of such bodies corresponding to the state 
which causes currents in metals and oilier condiielors J[2G. 58. 19 I. 
201. 218.); and considering that the bodies are insulators one 
would expect that state to be one of tension. . I have by rotating 
non-conducting bodies near magnetic poles and poles near .them, 
and also by causing powerful electric currents to be suddenly 
formed and to cease around and about, insulators in various direc- 
tions, endeavoured to make some such state sensible, but have not 
succeeded. Nevertheless, as any such state must be of exceedingly 
low intensity, because of the feeble intensity of' the currents 
whieli arc used to induce it, it may ^velI be that the state may exist. 
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and may be discoverable by some more expert cxpcrimeutalist, 
though I have not been able to make it sensible. 

♦ 1729. It appears to me possible, tlierefore, and even probable 
that magnetic action may be communicated to a distance! by tlie> 
action of the intervening particles, in a mJfnnt^' having a relation to 
the way in which the inductive forces of static electricity are trans- 
ferred to a distance (1677.); the intervening particles cLssuming 
Ibr the time more or less of a peculiar condition, wliich (tliough 
with*a very imperfect idea) 1 have several times expressed by the 
term cleclro-lonic stale (60. 2•1^2. 1 1 1 1. lG6l.) I hope it will not be 
understood that I hold the settled oj)ini()n that such is the case. 
I would rather in fact have proved the c(‘ntrarv, rjaimOy, that mag- 
netic forces are (piito independent of lh(! matter intervening between 
the inductric and the indiicteons bodies ; but I cafinut gut over tlic 
diffic.ulty pre.s( nted by .such substanci‘s a.s coppcT, silver, lead, gold, 
carbon, .‘md even aqueous solutions (JOl. 2 !,'>.), whicli though they 
are known to assume a ]»(‘cidiar state whilst intervening between 
the bodies acting and acted upon (J727.), no more interfere with 
the frnal result tlii^ii those which have as yet liad no peculiarity of 
condition d^covered in them. 

IT'IO. A rumavk iiiportant to the whole of this invc.stigatioii 
ought to 1)0 made here* Althougli 1 think the galvanometer used 
as I have de cribed it (ITU- 1720.) is (jiiite .siitlicient to provethat 
the linal amount of action on eacli of the two coils or the two cores 
A and B (171«^- lTl‘b) is equal, yet tlu*re is an ciriel which 
be consequent on the difrereuee of action of two iuKu-posed bodies 
which it would not show. As time enters as an elcMucnt into these 
action.s^ (12/).), it is very possible lliat the imiueed actions on the 
helices or eort s A, 13, though they ri.se to the same degree when 
air and copj)er, or air and lac are eontra.sted as intc. veiting sub- 
stance.s, do not do so hi the same time; and yet,* bceau.se of the 
huiglli of time occupied Viy a vibration o.'*lhe needle, this diflerenci* 
may not be visible, both efeets rising to their maxinuiiu in periods 
so short as to .make no sensible portion of that reijuired lor a vi- 
bration'of the ncedh*, and so exert no visible influence upon it. 


1731. If the lateral or transverse force of electrical currents, oiv 
what appears to be the same thing, magnetic power, could be 
proved to be influential at a distance independently of the inter- 
vening contiguous particles, tlien, as it ajipears to me, a real di.s- 
linction, of a high and important kind, w’ould be establi.shcd 
between the natures of these tw^o forces (16/5 1. l66l.). I do not 
mean that the powers are independent of each other ;ind might be 
rendered separately active, on .the contrary they are probably 
essentially associated (16.54.), it by no means follows that they 

* Sec Auuulcs J«; C’Uimic, IH'ia, toin. li. ej>. 422, *12^ 
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are oFtlie same nature. In common statical induction, in conduc- 
tion, and in electrolyzation, the forces at the opposite extremities 
of the particles wliicli coincide with the lines of action, and have 
commonly been distinguislied by the term tjlectric, are polar, and 
in the cases of contignoiis particles act only to insensible distances ; 
whilst those which are transverse to the direction of these lines, 
and are called magnetic, are circumferential, act at a distance, and 
if not through the mediation of the intervening particles, have their 
relations to orrlinary matter entirely unlike those of the electrical 
forces with whicli they are associated. 

17S2. To decide this question V)f the identity or distinction of 
the two kinds of power, and establish their true relation, would be 
exceedingly important. The question seems fully within the reach 
of experiment, and offers a high reward to In’m who will attempt 
its settlement. 

l7tS5. I have already exju'essed a hope of finding an effect or 
condition which sliall be to st<itical electricity wliat magnetic force 
is to current electricity (IO08.) If I could have proved to my own 
satisfaction that magnetic forces extended thcii^infliicnce to a dis- 
tance by the conjoined action of the intervening particles in a man- 
ner analogous to that of electrical forces, then I should* have thought 
that the lateral tension of the lines of inductive action (Ki.Oi).), or 
that state so often liinted at as the electro-tonic state (IbGl. I()u2.), 
was this related condition of statical electricity. 

17.'J4. It may be said that the state of no lateral aciioyt is to static 
or inductive force the ceju i valent of to eurrent force ; but 
that can only be upon the view' tliat eleetrie and iiiagiietie action 
are] ill their nature essentially different (16()4.). • If they are tlie 
^same power, tlie whole differemee in the results being the consc- 
cpienee of tlie diflerence dir cot ion j then tlic ^umwixXov undtvctttpcd 
state of electric forcrc w ill correspond w ith the state oY no lateral 
action of the magnetic state the force; the (Jcx'tric current will 
correspond with the lateral effects commonly called magnetism ; 
but the state of static induction which is betw^een tlui norn'al con- 
dition and the current will still require a corresponding lateral 
condition in the iiiagnetie scries, presenting its own peculiar phe- 
nomena ; for it can hardly be supposed that tlie normal electric, 
and the inductive or polarized electric, condition, can both liave the 
sarnc lateral relation. If magnetism be a separate and a liighcr re- 
lation of the poivers developed, then })erhaps the argument which 
presses for this third conditioq of that force would not be so strong. 

1735. I cannot conclude these gcncrral remarks upon tlie rela- 
tion of the electric and magnetic forces without expressing my 
surprise at the results obtained with the copper plate (1721. 172,0.) 
The experiments-with the flat hclifces Vepresent one of the simplest 
cases of the induction of electrical Kttrrents (1720.) ; the effect, as 
is well known, consisting in the production of a momentary current 
ill a wire at the instant when a current in the contrary direction be- 
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nins to pass tlirou/;‘h a neipfbhoin in^- p;u*allol wire, and Uk produc- 
tion of an equally brief current in the reverse direction Avlien ilu* 
detenniniji;^ current is stopped (‘26. ). Such being the case, it seems 
very extraordinary that thi.s induced current wdiieli takes place in 
the helix A wdien there is only air l)etween A and C (1720.) shonld 
be equally strong when that air is replaced by an enormous mass 
of that excellently conducting metal copper (1721.). It might 
have been supposed that this mass w^oiild have alhnved of the form- 
.ivioii anil iliseliarge of almost any (piantity of currents in it, which 
the liclix C was competent to induce, anti so in some degree ha\ e 
diinini.shed if not altog<*thcT prevented the elleet in A : instead of 
which, tliough we can liardly doubt that ;in infinity oV currents are 
formed at ti\e moment in the copper jilatc, still not tlie smallest 
diminution or altcratio'n of the eficct in A ajipears (b*'>.). Almost 
the . only way of reconciling this cHcet witli generally received no- 
tions is, as it appears to me, to admit that nffignctic action is coni- 
imniicalcd by the action of the intt‘rvening particles (l72!>. IT.'’.).). 

17Mb’. 'fin’s coiulition of things, which i> wry remarkable, ac- 
cords perfectly with the effects observed in solid lulici's when' 
wires are coiled o\ cr wires to the amount of five or six or more 
layers in succession^ no diminution of effect on the outer ones being 
occasioned by those ^vithiir. 

22. A’o/i on i/t‘>iri('a! iXiiittiioH. 

17M7* 'fhat till' different inMcs in whieli clceti ic.il excitement 
takes place will some day other be rcdui'cd under one common 
law can liardly be doubted, thongli for the present we are bound 
to admit distinctions. It will lie a great ])oint gained when these 
distinctions arc, not removed, hut undcrstooil, ^ , 

I7MS. The strict relation of the eleetvic.d and chemical powi'Vs 
renders the cheuiieal mode of excitemient tlic most instructivt* of 
.ill, and the easi? of two isolated combining particles is prob.ibly 
the synples^ that we possess. •Merc however the action is local, 
and we still want such a test of eUntricity as shall apply to it, to 
cases of current electricity, and also to those of static induction. 
Wliofievcr by virtiu* of the previously combined condition of some 
of the acting yiavticles (l)2M.) we are enabled, as in the voltaic pile, 
to expand or convert the local action into a current, then chemical 
action can he traced through its variations to the production of all 
the phenomena of tension and the static state, these being in ev ery 
respect the same as if the electric Torces producing them had been 
developed by friction. ^ 

17S9. It was Berzelius, 1 believe, wdio first spoke of the aptness 
of certain particles to assiiThe •op])osite states when in presence of 
each other (95()')* Hypothetically we ina}' suppose these vStati s 
to increase iii intensity by increased approximation, or hv heat, ^Ve. 
until at a certain point combination oeeiirs, aecompanit il !>y such an 
• . M F 
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arrangement of the forces of the two particles between themselves 
as is equivalent to a discharge; producing at the same time a particle 
which is throughout a conductor (I 7 OO.) 

1740 . This aptness to assume an excited electrical state (which 
is probably polar in those forming non-conducting matter) appears 
to be a primary fact, and to partake of the nature of induction 
(1162.)» particles do not seem capable of retaining their 

particular state independently of each other (1 177.) or of matter in 
the opposite state. What appears to be definite about the particles 
of matter is their assumption of a parlicntar state, as tlie positive or 
negative, in rglatiqn to each other, and not of either one or other in- 
diflercntly ; and also the acquirement of force up to a certain 
amount. 

It is easily cono£«val>le that the same force which causes 
local action between two free particles shall produce current force 
if one of the particles is previously in combination, forming part of 
an electrolyte I7'i8.). Thus a ])article of zinc, and one of 

oxygen, when in presence of each other, exert their inductive forces 
( 1740 .), and these at last rise up to the point of combination. If 
the oxygon be previou?»ly in union with hydrogen, it is held so com- 
bined by an analogous exertion and arrangement of the forces ; and 
as the forces of the oxygen and h 3 ^drogcn are for the time of com- 
bination mutually engaged and related, so when the superior relation 
of the forces between the oxygen and zinc come into plfiy, the in- 
duction of the former or oxy'gcn towards the inetal cannot be 
brought on and increased without a corresjioiuliiig deficiency in 
its induction towards the hydrogen with wl)ich it is in eombitiatioii 
(for the amount of force in a particle is considered as definite), and 
the latter therefore has its force turned towarils tbe^ (»xygen of the 
noxt particle oV. water ; thus the elfcct may be consiilered as exten- 
ded to i^ensible distances, and tlirown itUo the condition ol’ static 
induction, whicli being discharged and then removed by the action 
of other particles produces currents. 

1743 . In the common voltaic batteiw, the current is* occas’joncd 
by the tendency of the zinc to take the oxygen of the water froii^ 
the hydrogen, the effective action being at the place where the 
oxygen leaves the previously existing electrolyte. But fc^clurnbein 
has arranged a battery in wliich the effective nctioii is at the other 
extremity of this essential part of the arrangement, namely, where 
oxygen goes to the electrolyte,^ The first may be considered as a 
case where the current is put into moticiu by the abstraction of 
oxygen from hydrogen, the latter by that of hydrogen from oxy- 
gen. Tyhc direction of the electric cuareiit is in but i incases tne 
same, when referred to the direction in which the elementary par- 
ticles of the electrolyte are moving (9^23.'962.), and botJi arc equally 


♦ Philosophical Magazine, 1838, xii. 22^, .31.^. See als(» l>c la Hive’s rcsiilta 
with peroxide of manganeso. Annalcs dc Chimie, 1836, Ixi. p. 10 . — Dec. 1838. 
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n accordance with the liy)>^ietical view of ihp inductive action of 
the particles just^escribed (1740.) 


3 713- In such a view of voltaic excitement, ^Ihe action of the 
particles may be divided into two parts, that w’hich occurs whilst 
the force in a particle of oxygen is rising towards a jjartide of zinc 
acting on it, and falling towards the particle of hydrogen with 
which it is associated (this being the progressive period of the in- 
ductive action), and that which occurs when the change of associa- 
tion takes place, and the ])article of oxygen leaves the hydrogen 
and combines wdth the zinc. The former appears to be that which 
produces the current, or if there be no current, produces the state 
of tension at the termination of the battery ; whilst the latter, by 
terminating for the time tlie influence of the particles winch have 

been a^'tive. allows of othorj# coming into olaV; aild SO tllC cffcCt Of 
current Is < 01 . tinned. 


1741. IiL seems higlily probable, that excitement by friction may 
very freipieiilly he of llit^sanie character. W'ollaston endeavoured 
to refer such excitement to chemical action I>ut if by chemical 
action ultimate union of the acting particles is intended, then there 
are ])lenty of cases wdiich are opposed to such a view, Davy men- 
tions some such, au<l for nry own part 1 feci no difliciilty in admit- 
ting other mean : of <‘U'ctrical excitement than chemical action, 
cs])ecial]y if h 


174,). Davy i xperimentally to the opposite states which 

two [)articles liaving opposite chcrnical relatit»ns can assume when 
they arc brouglit into t!ie close vicinit}" of caeli otlua*, but not al- 
lowcil to combinei - This, I thin!:, is the first part of the action 
already (Icscribed ( 1 7 l.'j.) : !)ut in my opinion it cannot give rise to 
a eontnuimis current unle-s combination takes ])!ficv*, so as to alMw 
other particles to act successively in the ^ame nv;inner, and 11*4 even 
then unlcs'5 one set of the particles b? present as a-i clement of an 
electrolyte (f)2'b U()3.) ; i. e- mere c|ihcscent contact alone witlioiit 
chent,ical a<^ioii does not in sudi cases produced a current. 

17 lb\ Still it seems very possible that such a relation may pro- 
duce a high charge, and tlius give rise to excitement by friction. 
When two bodies are rubbed together to produce electricity in the 
usual way, one at least must bo an insulator. During the aet of 
rubbing, the particles of opjiosite kinds must be brought more or 
less closely together, the iew which arc most favourably circum- 
stanced being in such close contact as to be short only of that which 
is conseejuent upon chemical combination. At such moments they 
may acquire by their mutual induction (1740,) and partial cJIgchargc 
to each other, very exalted opposite states^ and wdien, the moment 
after, they are by the progress of the rub removed from each ollu r's 


rinlosooliirjxl 'I’niU'^acUons, I'iT. 
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vicinity, they will retain this state il’hoth bailies be insulators, and 
oxliibit them upon tbi*ir complete separation. • 

1 747. All thdi^irciinistances attending friction seems to me to 
fovour such a view^ The irregularities of form and pressure will 
cause that the particles of the two rubbing surfaces will be at very 
variable distances, only a few at once being in that very close re- 
lation wl)ic)i is probably necessary for the development of the forces : 
further, tJu)sc which are nearest at one time will be further remov- 
ed at another, and others will become the nearest, aiul so by con- 
tinuing the friction many will in succession be excited. Finally, 
the lateral direction of the separation in nilibing seems to me the 
best fitted to bring many pairs of particles, first oi‘ all into that close 
vicinity necessary for their assuming the opposite states by relation 
to each other, and then to remove them from eiieh otlier’s infiuence 
whilst the}" retain that state. 

I 7 i*N. It w'ould bo easy, on the same view’, to explain hypotheti- 
cally, how, if one of the rubbing bodijjs he a conductor, as the 
amalgam of an electrical niachine, the state of the otJiia* when it 
conies from under the friction is (as a mass) (*xaUf*d : but it would 
be folly to go far into sucli speculation before that already ad- 
vanced has bciai confirmed or corri'cted l).y fit cxperimiaital 
evidence. 1 do not wish it to be supposed that I think all excite- 
ment by friction is of this kind ; 011 the contrary, certain experi- 
ments lead me to believe, tliat in many cases, and perhaps in all, 
effects of a thermo electric nature conduce to the ultimate effect .; 
and tlicre are very prohalily other caus(*s of electric dislurivmce 
inffuential at tiu' .sanu' time, which we h.ivc not a.s yet clistiii 
guished, ^ 

I fl.ll /f i't i<}{( y 

\h<n:\ Usr-J8. 


In a paper wliicli was read at the t dasgow' meeting of the “ Ilrltisli 
Association tor the Promotion of Science” I had, occasion to 
trace the^ experiments of M. Sdio(*nl)ein ami others, on the 
inactivity of certain metals on acids, to others of a similar 
nature })ei formed by Mr. Keir some fifty years ago. Since the 
reading of ruy paper at (dasgow, I have been requesUnl to insert 
Mr. Keir's experinumts in an (*arly number of the Annals,” 
wliicii 1 now do with great jdeasiire, as I tliink that many 
readers will be muen interested J)y •l>ecoming acquainted with 
those original experiments of Keir, whieli, within the last few 
years, have' commanded so much attentiiai, a^; nove lties emanat- 
ing from the labour*' o(‘ oduT experinientors. W. S. 
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IJIJ . — Experiments and Ohservalions on the Dissolution of Metals 
in Acids, and their Precipitations : with an Acmunt of a Krn' 
C^ipound Acid Mensl rum useful in some mechanical operations (}f 
piling metals. By James Keiii^ £sq., F.Il.S. ^Abrid/^emciit 
of the Philosophical Transaction of the Hoyal Society of London 
for tlie year 1790-) 

In the following paper, says Mr. Keir, I intend to relate two 
sets of experiments : one, showing the effects of compounding the 
vitriolic and nitrous acids in dissolving metals; and the other, 
describing soiiki curious ajipearances which occur in the precipitii- 
tion of silver from its solution in nitrous jieid by iron, and by some 
othei|j|i|bstanccs. In a subsequent paper I hope' to continue the 
subje^rof metallic dissolution and precipitation, first, by adding 
some experiments on the quantities and kindj^of gas produced by 
dissolving different metals in different acids, under various cireuin- 
.stances : 2ndly, by submitting certain general propositions, which 
seem dedncible from tlie facts related ; and lastly, by concluding 
Avith some reflections relative to the theory of metallic dissolution 
and precipitation. 

rAiiT 1, — On the V [feels of Compounding (he rUrioVic and Nitrous 
Acidsj under various circuinstances, on the. dissolution of metals, 

§ I. - O;/ the Mixture of OH of Vitriol and Nitre, — i. The pro- 
perties r)f tln^ several acids, in their separate slates, have been in- 
vestigated with eonsiderable industry and success ; and thcAse of 
one eonqjound, acjiia regis, are well known, oii account of its fre- 
(|U€mt n.se in dissolving gold : yet not only various other comltina- 
tions i>f different acids remain to be cxamiiied ; •but also tltf* 
changes of propcaties to which these mixed acids aie sidqcct, from 
the <lilfer(?nce of cireumstances, especi.'tllv^ those of concentration, 
temperature, and of tlial cpiality which is c*alled, prop(?rly or im- 
propeidy, phlligistication, are suftjects still ojieii for iiujiiiry. • 

2. As‘1 shall have frequent occasion to speak of plilogi.sti cation 
and dephlogistication of acids, I Avish to premise, tliat by these 
tc'rms 1 mean only ceitaiii states or cpialities of those bodies, but 
without any theoretic inference, 'riiiis vitriolic acid may be said 


* Tlio Enprlisb word .solution has two .significations in cheiuistry; one v\ 
prossivo of thr act of di.ssolviiig, us when yo say, that, “ solution is a chemical 
operation;'* and the othcjr, denoting the substance dissolved in its solvent, as. 
“ a soluti«)ii of silver in iiitrou.s acid.” Tho French language is equally equi^ 
vocal, as the word “ disj^olulitm’* 9 used in both the above iiiciitioncd st'iises. 
In treating on this suhjoct, in w|^ich both meanings were very frequently iv 
qiii rod, sometimes in the same seiitenfe, I eoiild not hut he seii.sihle of coiifusioii 
in tho style, and 1 have thendbn’ conliiied the w<n*d solution to express tlic 
'•ubslance dissolved tog<»thiM' with its <s»»lv*'iit, and tho word dissoluli('»n to de»iot< 

ih*’ ;\rt dlssf»lviiifr. 
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to be phlogistieated by addition of sulphur or other inflammable 
matter, by which it is converted into sulphurous acid, without 
determining whether this change be caused by the addition of the 
supposed principle phlogiston, as one set of philosophers bdieve, 
or by the action of the added inflammable substance in dnRving 
from the acid a portion of its aerial principle, by which the sul- 
phur, its other element, is made to j)r<Hlominate, as others have 
lately maintained. It were much to be wishtnl tliat we liad words 
totally unconnected with theory ; that chemists, who differ from 
each other in some speculative points, may yet speak the same lan- 
guage, and may relate their facts and observations, witliout having 
our attention continually drawn aside from these, to the different 
modes of explanation which have been imagined. But at preaent 
wc have only the choice of terms between words dcriYedjj||Qi the 
ancieTit theory, and tliose whieli have been lately proposelPVy the' 
opposers of that theory. In this dilemma I have preferred the use 
of the formc.'r, not that 1 wish to show any pvedclietion to either 
theory, but because that system, having long been generally adopted, 
is understood by all parties : and principally !)ecausc, by using the 
w’ord.s of the old theory, I am at liberty to define them, and to give 
significations expressive mc^rcly ol* parts, and of the actual state of 
bodies ; whereas the language and thcary of.tne antiphlogistic che- 
mists bei]ig interwov(‘U and adapted to each other, the former can- 
not be divested of its theoretical referenta', and therefore seems in- 
applicable to the more exposition oi* facts, but ought to be reserved 
solely for the explanations of the doctrines from wliicli this lan- 
guage is derived. 'I'lnis; by the definition before mentioned of phu- 
gistieation, this word expresses not the presencv^ or irxistcnee of an 
hypothcti(!al priiicijfie of inflammability, but a certain well known 
quality of acids and of i>ther bodies, comm Uni f*atcd to them l;y the 
addition of many actually inflaiimiable substances. Thus, nitrous 
acid acquires a ])hlogisticaU’il quality by addition of a little s[)int ol' 
wine, or by distillation with any inflammable substance. 

. 3- No tw^o substances are more frequently in the hands of clie- 

mists and artists than vitriolic acid and nitre, yet I have founcl, that 
«*i mere mixture of these w hen much concentrated, possess proj)ertie.s 
which neither the vitriolic acid nor the nitrous, of the same degree 
of concentration, have, singly, and whicfi could not be easily dev 
diiced, d priori, by reasoning from our present knowledge of the 
theory of chemistry. 

4. Having found by some previous trials that a mixture composed 
of nitre dissolved in oil of vitriol was capable of dissolving silver 
easily and copiously, wliile it ditl not affect copper, iron, 1ea(i,rcgu1us 
of cobalt, gold, platina, I conceived, tllat it might be useful in some 
cases of the pjirting of silver from copjxjr and the other metals above 
mentioned ; and liaving also observed, that the dissolving powers of 
the mixture of vitriolic .and nitrous acids varied greatly in different 
degrees of concentratioji, and phlogisticalion, 1 tJionght that an in« 
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Vcstigation of these effects miglit be a subject fit* for philosophical 
chcanistryt and might tend to illustrate the theory of the dissolution 
of metals in acids. * With these views I made the following experi- 
ments: — 

5. I put into a long necked retort, the contents of which,- including 
the neck, were 1400 grain measures, 100 grain measures of oil of 
vitriol of the usual cfcnsity at which it is prepared in England, that 
is, whose specific ‘gravity is to that of water as r8l-4 to 1, and 100 
grains of pure and clear nitrc/which was then dissolved lii the acid 
by the heat of a water-bath. 'lo this mixture 100 grains of stan- 
dard silver w^ere added /the retort \vas set in a water-bath, in which 
the wat(*r was made to l)oil, and a pneumatic; apparatus was applied 
to catch any air or gas which might he extricat(»(f. — 14ie silver began 

to dissolve, and the solution became of a purple or violet colour, no 

air Avas thrown into the invc'rtcd jar, excepting a little of the com- 
mon air of the retort, by means of the expausitm wliich it suffered 
from the heat of the water-bath, and from some nitrous fumes 
Avhich appeared in the retort, and which liaving afterwards con- 
densed, occasioned the water to rise along the neck (»f the retort, 
and mix w ith the solution ; the remaining silver w as then sejKiratcd 
and weighed, and it Avas found that 30 grains had been dissolved : 
but probably more ivowld h;?ve })ceii dissc/lvcd if the operation had 
not been interrupted by the water rushing into the retort. 

* fi. In the same apparatus ‘200 grains of standard silver Avere 
added to a mixture of 1 00 grains of nitre, previously dissolved in 
200 grain measures of oil of vitriol ; and in this solvent, 92 grains 
of the silver were dissolved, Avitliout any produetion of air or gas. 
'fhe solution, Avhieli was oi‘ a violet colour, having been poured out 
of the retort whilst Avaviu (for Avitb so a lar,v:e a portion of nitre, 
such mixtures, especially after having dissolved silve'*^ are ;ipt tu 
congeal with small degrees of coldj, in order to suparato the uiulis- 
solved silver from it, and liaving been laVurnod into the retort Avith- 
out tins silver, I poured 200 grains of Avater into the retort, on which 
a strong efferwesceuce took place betw een the solution and thi‘ Avator, 
and 3100 grain measures of nitrous gas w^ re thrown into tlic in- 
verted jar. Oil pouring 200 grains more of water into the retort, 
fJOO grain measures ol the same gas Avere expelled. I'uither addi- 
tions of water yielded no more gas; neitlicr did the silver • Avheii 
afterwards added to this solution, give any sensible effervescence, 
or suffer a greater loss of Aveight than tw'o grains. 

7. In the same apparatus 100 grains of standard si her Avore ex- 
posed to a mixture of SO grains of nitre dissolved in 200 grain mea- 
sures of oil of vitriol ; and in this operation 80 grains of silver 
were dissolved, wliilc at tlnf same time, 4o()0 grain measures of 
nitrous gas Avere tlirown into t^ic inverted jar. Wlicn the iindis- 
solved silver was removed, 200 grains of Avater w'cre added to the 
solution, which Avas of a violet colour, aiitt on the mixture of tlie 
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two fluids an cfTervescenco happened ; but only a few bubbles ol’ 
nitrous gas were then expelled. 

8. In tlic same fijiparatus 100 grains of standard silver were ex- 
posed to a mixture of *200 grain measures of oil of vitriol, 200 grains 
of nitre, and 200 grains of water: anil in this operation 20 grains 
of the silver were dissolved without any sensible emission of air or 
gas. 

0. In these experiments, the copper contained in tlie standard 
silver gave a reddish colour to tlie saline mass which was formed 
in the solution, and seemed to be a calx of copper interspersed 
through the salt of silver. I peVeeived no other diifercnce between 
the elFccts of pure Jiiid standard silver dissolved in this acid. 

10. 1 then espOvSed tin to tlie same mixture of oil of vitriol and 
nitre, in the same apparatus, and in the same circumstances, taking 
care alwaj^s to add more metal than could he dissolved, tliai, by 
weighing the remainder, the quantity capable of being dissolved 
might be found, as I had done with the experiments on silver ; anti 
the results wei’e as follow : — 

11. No tin was dissolved nor calcined by the mixtures in the pro- 
portion of 200 grain measures of oil of vitriol ^o 200 grains of nitre : 
nor by any other mixture in the proportion ol*2()0 grain measures 
of oil of vitriol to 150 grains of nitre, and eonseijiiently no gas was 
produced in eithei; instance. 

12. \yith a mixture in tlic proportion of 200 grain measures of 
oil of vitriol and 100 grains of nitre, the tin began soon to be acted 
on, and to be diffused through the liipior : but no extrieatipn of gas 
appeared till the digestion bad been continued two hours in boiling 
water ; and then it took place, and gave a frothy appearance to thi^ 
snixture, whkli w as of an opaque wlnte colour, from the po\vder of 
tin being dift’usei^ among it. In this experiment, the quantity of 
tin thus calcined was 7-1 grains, and the quantity of nitrous gas ex- 
tricated during this action on tlie tin, wvas 8.i()0 grain .measures. 
'I’hen, on pouring 200 grains of water into the retort, a fresh effer- 
vesccnee look place between the water and the white opaque white 
m«ass, and 4(i()0 grain mea.siires of nitrous gas were thrown into the 
inverted receiver. 

13. Witii a mixture in the proportion of 100 grain measures of 
oil of vitriol to 30 grains of nitre, .‘>0 grains of tin were dissolved 
or calcined, and the nitrous gas, wliich began to be extricated much 
sooner than in the last mcntioijed experiment with a larger propor- 
tion of nitre, amounted to G300 grain measures. Water, added to 
this solution of tin, did not produce any effervescence. 

14. With a mixture in the proportion of 200 grain measures of 
oil of vitriol, 200 grains of nitre, and 200 grains of water, 1 33 grains 
of tin were acted on •with an effervescence, which took place 
violently, and produced G500 grain measures of nitrons gas. 
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i j. I'lic several mixtures above mentioned, in difterent propor- 
tions of nitre and oil of vitriol, did, by the help of the heat of the 
water-bath, calcined mercury into a white or grayish powder. Nie- 
kle was also partly calcined and partly dissolved by these mixtures. 

I did not perceive tliat any oilier metal ivas affected by them, ex- 
cepting th;tt the surtaces of some of them were tarnished. 

If). 'Fhesc mixtures of oil of vitriol and nitre were apt to congeal 
by eold, those especially which had a large proportion of nitre tlnis, 
a mixture of 100 grain nieasurai=! of oil ol* vitriol and I SO grains of 
nitre, after having kcqit Hiiid for several days, in a jiliial not so ac- 
curately stoj)jied as to prevent altogether the c*scapc of some wliitc 
funu'S^ coogoaled at the temperature of .03'^’ of Eakrenheit's ther- 
mometer: \vlu.‘rcas some of the same liquid, having been mixed 
with equal parts oil ol‘ vitriol, did nut congeal with a less eold than 
The congelation is promoted by exposure to air, by w hiel) 
white fumes rise, and moisture may be absorbed, or by any other 
tnodc^ of slight dilution with water. 

!7* Dilution of this (outpouiul acifl, willi more or less water, 
alters considerably its properties,w it h regard to its ai tion on metals, 
I'hus it has been observed, tlial in its (‘oneentrated state it tioes not 
act on iron : but by«adding water, it acquires a power of‘ acting on 
tiiat metal, and ^vith Tldrereul eflect according to the proportion of 
llu* water added. 'FIms, by adding to two rneasuri‘s of tile com- 
p<iuiul acid one measure of* watta-, the liipior is rendered cajiable of 
caleining iron, and forming Avitli it a wiiitc' powder, but without 
cffervesceuce. Wiih an (aiual measure of water ctrervcscence is 
])rotlu<xd. With a larger j^ro[)ovtiv)n of wat(*r the iron gave also a 
brown colour to the liquor, such as ]>lilogisticated nilrou> acid ac- 
(juires from iron, or conimunicaU-' to a solution of martial vitriol 
in water. • • 

liS. Dilution with water render^ this compound acid callable of 
dissolving copjicr and zinc, and probably those otlier met ils w liich 
are .‘^abject to the ac tion of tile dilute vitriolic or nitrous acid. 

§ 2. An or.rouni of a nen proans for srparniin^ silni Zro/V/. 
i’opprr, - 11*. Fhe ])ropc'Vlics of this liquor, in dissolving silver cMsilv .. 
without acting on copper, liavc rendcTed it capable of a very useful 
a])plic'ation in the avis. Among the mauiifac turers at Ibriuiii-hani, 
that of making, vessels of silver plated on copper is a very c’onsidcr- 
ablc one. 'In cutting out the rolled pJatcnl metal into j)iec(‘.s of tile 
rccpiircd formes and sizes, there are many shred>, or ^craj^sas tlicy 
.are called, unfit for any piirjjose but the recovery of the metals, by 
separating them from each other. The easiest and m(»sl eeonomieal 
method of parting these two njctals, so as not to lose either of tluaii. 
is an ol)jeet of some consequence to the' manufieturcrs. F«»r tins 
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jjurpose two modes were practised ; Isl, by incitin'^ tlie wliole of ilic 
mixed metals witli lead, and se]mratin^ them by e]i(|iicition and test- 
ing ;&Jind, by dissolving bothnietals in oil of vitriol, with the help 
of lieat, and by separating the vitriol <)!’ copper, by dissolving it in 
water, from the vitriol of silver, which is atieruanls to be reduced 
and ])urilied. In the first of these inetljods, tluu e is a considerable 
waste of lead and copper ; and in the second, the (jiiantity ol 
vitriolic acid etnployctl is v^ry great, as much mcaa* is dissipated in 
the form of volatile vitriolic, or sulphureous acid, than remains in 
the composition of tlie two vitriols. 

Some years ago \ commnnicatcjl to .(ri artist tin' method of af- 
fecting the sepanition ol* silver i*rom Ci)])})cr by mcae.s of .the above 
ineiltioned cumpuum) of vitriidic acid .".nd nitre; aiul. as I ;im ii]* 
formed, tli.iL it is r.ow t omnionly practi'-c'd by the maniifac'tnrtTS ilt 
Hirmingliam, 1 l).i\e no doubt Init it is much morCt'COUOmiuil, iiiul 
it is certainly nuu'ii “more easily exceuted, than {my of the other 
methods ; for nothing more is nupiircd than to ])iit tlie pieces of 
plated metal into an earllien-gl.’*/cd pan, to ]aair on tliciii some (>!' 
the aeiil licpior, w'hich may be in the piaiportion of 8 or ID lb. ol 
oil of vitriol to I lb. ol‘, nitre: to stir them about, that tlie surlaeos 
may frecpiently bt) exposed to i’resh licpior, and to assist the action 
by a gentle lu at bom K'C'- to i2D0* ofi^'aiiiircnlieit’s scale. Wlicn 
tbe li(JiU'r nearly sa.tnraleg, the silver is to be precipitated (Voin it 
by common salt, which forms a hn.a cornea, ea.sily reducible by 
melting it in a crucibU; with a snllieienl (jiiantity oi* potash : and 
lastly, by ndlniog the melted silver, il* r.c(‘ess:;r\, with a little nitri' 
thrown on it. In thi.". m. * 111101 * llu' silver will be oi>tained sullicienliy 
]mrc, and the copper v. il! lemain uneiiaiigvd. Otlierwise, the silver 
may lie preeijiitated in its metalic .state, by adding to the solution 
of silver a few pieces of copper, and a sulliciont ([uantity of water l<' 
enable the liquor to act on tlie eojipt r. fhe property whit.li this 
acid mixture possi'sses of dissolving silvi'i* willi great iaeility, and 
ill considerable rpiantity, will probably lender it a ii.sefiil menstruum 
in the scjiaralion of .silver from (dher n.elal.s , and as t|ie alchionists 
Iiave dislingnished tin* peculiar .solvent of gold under the litle of 
aipia regis, a name siifliciently distinctive, tliough tonnded on a 
fanciful allusion ; so, if tliey had been ae(|imlntt.'d wit!? the jiroper- 
lies of this compound, tiny would probably have bestowed upon it 
tlie appellation of iupia regina*. 

§ ‘1. — 77;e cltan^c of properties coiamonicalrd to the mirlurc of 
vitriolic and nitrous acids In/ phlo/fistip^atiou - ‘.20. TJie above de- 
scribed compound acid may be pblogistigated by different methods, 
of which I shall mention three. Mrst, lly digesting the eoni- 
poimd acid with sulpliur by means of the heat of a water ball), the 
lif^uor dissolve.s the sidpliur with effervescence, loses its property 
of yielding white fumes ; and if tlie (juanlity of sulphur be feufli- 
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vjient, it* tl)(‘ heat appli(?d be long enough rontimied, it exhibits 
red nitrous vapours, aiul assumes a violet colour. 

Secondly — If, instead of dissolving* nitre in concentrated v itriohe 
:ick1, this acid be impregnatca* with nitrous gas, or with nitroii*> 
vapour by making this gas, or vaj)our, pass into the acid, this 
compound will l>e plilogistic.alcd, as it contains but only its plilo- 
gistiC'itcd part, not the CMitirt! nitrous acid, or element, the nitrous 
gas, without the proportion of juire air is nccess.iry to constitute 
tui acid, 'riiis impregnation of oil of vitriol witJi nitrous gas, or 
nitrous vapour, was first described, and some of the pro))ertics ol* 
the impregnated licjuor noticed, by Dr. Ih■iesth^ (See Exp. and 
Obs. on Air, vol. d, p. and 'J'hirdly. Ey substituting 

v.itrous am-. ;oniae instead of nitre in the mixtun* with oil of vitriol. 

‘il. The compound prepared by aiiy of these methods, but espe- 
cially I)y ti.c and hccamd; diiilTs considerably in its [)ropertics 

witli regardi to ils .ution o)] mentals Iro.ii the ae:d d('’.cri!)ed in tljc 
'firsi svciion. )t ii.'.s bet^n ob.s(‘rwd, ih.it the latter compound lias 
n’ttle action oi! ;»!iy uKt:.*U but silver, tin, merem*v, and nickel- 
\ui the other liainl, l]j ‘ ifologisli-d compound not only acts on 
ti)e-;e, but ;dso tK) several oil urs ft forms v ith iron a beautiful 
ros<‘..c.>l(}ured so!uti^)n, with.oiit application of any artificial heat: 
and ill lim... a lo.'e-cotoureo saline ]>rcci))itate is depo.silcd, which is 
soiubli^ in wati'r with 'considerrhie ( iriTvc'Scema*. ft dissolves cop- 
per, and ae(niM*(»s iVom tiiis metal, :nul al: o from rc'gulus of co!)alt, 
zinc, and lead, prelti; (uv'p violet tinges, llisinutii and rcgvilus of‘ 
antimony N\ere also att.icked liy this jvlilogifticati'd acid, d'oasccr- 
lain more exactly the effect*., cd' ihii.-; phh»gi.stlcat(‘d iicid on some 
met.ils, f made 1 he following experimcni w ith a Ihjuor pvejiaved 
hy making iiitreu. g'i‘> pa^-i through oil of v itriol during a eonsidt^r- 
al)!e time. , • 


■ J. 'i'o‘d(M) gr.iin iiUMSure.'i of tli * cdi vitrivd impregnated with 
nitrous gas, pul into a retort w*ith a long n.eck, the e .ji icity et'whieii, 
iH^’luding tile neck, w*as I 1 aO ggaiii-mc a>ures, 1 added lit grains 
(d standard •ilvcr, and inmier-i^l the mouth of the retort in water, 
undtu' an inverted jar filled with water, to eatch4he gas wiiicli mig'ht 
be I'xtricated. ddie .'leid bi'ge.n to di'-solve the silver witlumt tile 
application of be;it ; tiu* s(»lutlt)u became of a violet colour, and lli(» 
(jiiantity of nitrous gas ia*ceivc"d in the inverted jar was l 
gr.iin iue:isnrcs. On weighing the silver remaining, the cjuanlity 
w hieli Inul l)een di.ssolveil was Ibund to l)c70 grain.s. ^Vhen w.iter 
was added to the solution, an effervescence appeared, but oiily a 
very small (jiiantity of g.as was cxlrieated. Ey means of’ waiter, .i 
wliitc saline pow’d(*r of silver, soluble in a larger quantity of water, 
w*as precipitated from tJie solution. The solution of silver, wlieii 
saturated and undiluted, eonge.ils readily in cool tcm.per.ilurc, and 
when diluted to a cert.nn degree with v,*ater, gi^'e^ loliated c*.;, ^l ds. 


In tlu’ *^,mic .jpparaluv, ai-tl in tlic 'rum.* 
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measures of this impregnated oil of vitriol were applied to iron. 
An effervescence a])pcared without the application of lieat, the sur- 
face of tlic iron acquired a beautiful rose-colour or redness mixed 
with purple ; and this colour gradually pervaded the wliolc licpior, 
but disaj)})eared on keeping the retort some time in hot water. 
Notwithstanding a considerable apparent effervescence, the (piantity 
of air expelled into the inverted jar w as only 400 grain measifres, 
of winch one-fourth was nitrous, and the rest phlogisticated. 'I'lu* 
solution w^as then j)oiired out of the retort, aiul the iron was found 
to have lost 2 grains in weight. The solution was returned into 
the retort without the irtui, and 1200 grains of w ater whtc added to 
it : on which a white jiowdcr w’as immediately precipitated, wliich 
re-dissolved Avith great elFerveseenee. When 12000 grain measures 
of nitrons gas had been expelled into the inverted jar, without appli- 
cation of l)eat, th.e retort was placed in the w.iler-halh, the heal ol' 
which rendered the efferveseence so strong, tliat th(‘ licjuor l?oiled 
over the neck of the retort, so that the (pianlily of gas extrieatial 
coidil not be ;isccrtainech 

24. In tlie same manner 1 1 grains of copj.er were dissolved in 
100 grain measures of in^pregnaOal oil of vitriol. Tlie solution was 
of a deep violet-eoloar, and at la^t w as turbid. 'I’he (juantity ol* 
nitrous gas expelled into line inverted jar duriiig the opiTation w as 
4700 grain nui^isures. When the copper w.is removed, ami 1200 
grains of water were adiled to the solution, an effervescamee took 
place, 1700 grain measures of nitrous gas w'(‘re ex})c*lled, aiul tin 
solution theii acaiuired a blue-eolour. 

2 . 1 , In the same apparatus ami manner, 100 grain nurasures of 
the im])regnaUd oil of vitriol were applied to tin, \vhii*h Avas thence 
diminished in weiglit If) grains, Avhile the n(juor ac(|uin*d a vioh t- 
ccloiir, bccam/: turbid by the suspension of the cal.\ oi’ tin, and a 
quantity of nitrous gas Avas throAvn into the inverteil receiv^T e<pia] 
to 4100 grain measures, Avilhont application of heat, and another 
quantity ecpial to 4.q0() grain measures, a Her the retort was put into 
a w'ater-bath. 

2(i, Mercury ad(kd to tlie Impregnated oil of vitriol formed a 
tliick w'hite turbid liquor, AvJncb Avas rendert'd el(‘ar by addition ol’ 
uninipregnated oil ol vitriol, fn a little tin)(t this mi.xtnre continu- 
ing to act on the remaining mereiiry acquired a purple-colour. 
The mercury acted on, sunk to the bottom of the glass in the form 
of a white powder, and the purple liquor, when mixed Avith a solu- 
tion of eomiuon salt in water, gave no ajipearance of it containing 
any mercury in a dissolved slaUx 

27. The nitrous gas Avith wliich the oil of vitriol i.s impregnated 
.shows no disposition to quit the acid by exposure to air ; but, on 
adding Avater t(» the impregnated acid, the gas is expelled suddenly 
with great effervescence, and Avith red fumes, in (a)nse(|uericc of its 
nii.vture Avith the atmospherical air. In athling '210 grains ol* Avater.. 
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to 60 grain measures of impregnated oil of vitriol, grains of 

nitrous gas were thrown into the n^eeiver ; but as the aetioi\ of the 
two li(juors is instantaneous, the qiuintity of gas expelled IVom tlu* 
retoit before its neck could be immersed in water, and placed under 
tile receiver, must have been considerable. J'lie w’hole of the gas, 
how'cver, w as not extricated by nieaiis oC the water, ior I he re- 
maining licpior dissolved 5 grains of copper, w hile SOO measures of 
nitrous gas were thrown into the retort, (probably the receivia-.) 

iiS. The ibllowiiig facts principally are established by the pre- 
ceding experiments. I. Tliat a mixture of the vitriolic and nlir«)ns 
^ acids in a eonceiilrated state', has a p( cidiar faeidty of dissolving 
silver eopioiisly- ' 2 . Tliat it acts on, an* I }>rineipally calcines, tin, 
mercury, and nichel : tlie latter of which, liow ever, it dissolves iti 
small tjuantily : and that it ha-, little or no action on otlier iiietals. 
w. Tliat tlie (jnantity of ga*- produced wdiile the niet^d i> dissolving 
is gr(\atei? relaiivt ly, to tlie (pianliyv of im taT di^solvi fl, when the 
proportion of nitre to the \ itric^lie acid is small, tlian w'Ju n h:"ge: 
and that wlnai the metals are dissolved by miNtures, eo.nhjtiing 
mueb niii’c, and with, a small production ih* <>••?'. tlsc .solnl:-' n 
or the metallic salt fornu-d in it, yields abiUKiaiuc' ol \viic*n 
mixed with water. k 'J'hat diiiiti(»n v/ilh w .iler louh l!u* eon- 
cenlrated mixture e.»pa1Sc‘ oi\l’.r^-(*lviiig silvar, hut nua-e capa- 
])le oi‘ acting on other metals. I h il tlii.*, mixture of liiglily 
conc(‘iilrated vitrivjlie and nitric ac ids, ae(;uiia*s a juirple »>r vifihu 
colour wdien phlogislican^d, either liy adidilion id’ inflammable sub- 
stances, as sulphur, or by its aelious on metals, or h-y very strong 
impregiuition of vitriolic acid willi nitrous gas. 'fhal this 

})lilogi.stication ./as Ibund to comnuinica,tc to the mixture the ])ow it 
oi’ di.ssolving, though in snndl ipiantitie.^, et)])per, iron, x.lnc. and 
tlie regulu.s of cohalt, 7. 'i’hat vrati'r exjiels from a highly phlo- 
gisticatcil mixture of c Jiicenlrated vilri^dic and nitrous acids, or of 
oil of vitriol impregmited with i»itrous gas, a gre.d ])art <)f its con- 
tained gcus ; and that therchn’e this gas is not eapahle of being rc- 
taim‘d in such (piantity hy dilute as liy concentrated acids. Water 
nnitcsHvitli tlic inixluR' of vitritd and nilia*, w ith.ont any consider- 
able elfervesccncc. 

^2J). tliesc obscrvatiiiiis f .Nhall subjoin one otlier fact, namely, 
that wdien, to the mixture ol’ oil of vitriol and nitre, a satin alcil 
solution of common salt in water is addetha pow erful aipi.i regi'^ is 
produced, capable of dissolving gold and platiiia ; and this aqua 
regis, though com])o.scd ol’liquors perfectly colourless and tree from 
all metallic matter,' acipiircs at onfe a briglit and deei) yellow co- 
lour. Idle aclditioii of dry common salt to tlie conct'iitrated mi\- 
ture.s of vitriolic and nitrous aciils produces an effervc>cc:uc but 
not the yelhnv colour; for. the production of which therefore a 
t’ertain proportion of .watc'r st'cTiis to be necessary. 

• Ur. I'ri(v,lU \ li.i.. I I'i "il l ■ v ■. M. 

'*1 ' , nii'l al^'* I - t'.itiiii rn ■isii-- a -'.til’. i'U;' 
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Part 2. — On the prccipiUttion of Silver from JS/itrous Acid bj/ Iron, 

§ 1, Bergman relates, that on adding iron to a solution of silver 
in nitrous acid, no precipitation ensued ; thougli the aflinity of iron 
to acids generally is known to be much strong<u‘ than that of silver; 
and though, even witli regard to the nitrous acid, other exj)eriments 
evince the superior affinity of iron ; for as iron precij)itfites copper 
from this acid, and as coy3per precipitates silver, we must infer the 
greater affinity of iron than silver. In the course of his experi- 
ments, however, some instances of precipitation occurred, uiiich he 
attributed to the peculiar (piality of the irons wliicli he employed/ 
I was desirous of discovering the circumstances, and of investigat- 
ing the cause, of this irregularity and exception to the generally 
received laws of affinity. 

Q, I digested a piece of fine silver in pure and pale nitrous acid, 
and while the dissolution w^as going on, and before the fhturatioii 
was completed, I poured a portion ol‘ the solution on a piece 
clean and newly-scraped iron w ire into a wdne glass, and observed 
a sudden and co})ious precipitation of silver, 'flic preeipitale w'as 
at first black, then it assumed ifie appearance of silver, and w'as 
five or six larger in diameter tlian the piece of iron w’ire 

which it enveloped, 'flie action (»f thjr^Meid (Mi the iron eontijiued 
some little time, and then it ceased ; the silver redissolvcd, anti the 
liquor became clear, and tlu^ iron remained bright and undisturbed 

* UcrjruiSiii II if. I riiMiiy tlifiVivnt ki:: Ji of iro i, au«l ht*. tiioimnt, hf t’otind two l!>;it wort* cava- 
hh; jtio'ij'ilaliiju sie. cr. Uul as t <}i*l f he tiiruiHhUn''t‘s aironlhij,' l«»whicUfhf 

I'Vfrijiitiiti'iii s(tiri< tiini's thu imd at, other iiel lie may have been inistaki; 

with ii‘e:inl to the jictnli ir *iuiilily of liiene two kiudn •.d’ iron. At. iea-t the sexeral kinds whirh 
I hu\e tiled <il\\ii\ T i>re' i|*it!iled sUver m ceituiii e.iicuinj»taueeh; auJ always faili''! to ^ivecipitutc 
iius-iMlfiiii i.llu r eiiei**,, [ doji«.tkao\> auy otiitr author wlxo ht.s iDeiiliuucd this suh- 

.ect, e,\( j M I. Kinv.-m, \iho, in the <'i/mlusioii oi his \uluahle papers on Hljf aUrrirfno 
li'overs on uiiiUM-ftl iirids, sjiys I 5ij[w;i\s founil silver t,o he easily nrtcijiital.eil fntin it«. 

sohtlioii in thf nllrous acid hy inui. 'I'he sum of tin* quiesi rnt ulTinities heinjr ainl that of 
the divolltnit 7'KJ. \ rt iMr. I’.eV} man «»hserved, that a 'ery .sutnrated ^,olutiiin of siher \\;}s very 

diHieullIv precii'IlJitfd, and only by some sorts ot iron, even though the ‘iolution was diluted 
and ;m nrn ss ol neid ad<le/J to it. 7 he ri’ason of this curious iilienonienon appears tn rue to be 
dcdueilde iVnm a ci n un. slum i* tn>f obserxi-d hy Srheele. in dissolving ini'rtury, nainidy, that Iho 
nitrous arid w hen saturnted witli il wi'I take up inoro of it in its metallic form. ’I ho same thing 
liappens in djss.il\iiig-jl\ er in rile nitrons jii'id in n strong lient ; for, ns 1 before remarked, tlio 
1 a.>tp(*rtions of .^ilv'T tin u\\ n in allord no air, and f.msenuently arc imt dephlogisticated. Now 
(Ids eornpoiti.d of <-a1\ of siiuM , ami sihrr in its metallic form, may well he u]i]U‘ecipitahlc by 
iroi’., the sihi r in its im lidlic finm preventing the ealx from l oming irih) contact with the iron, 
and ftxtraeting jddouisfon fnn*\ it." In this paper I shall m>l enter into the (;x]ilanution of ilieso 
appearances; hut J t!ioue,lit it nofessiry to premj.se that what so eminent n ehemist as Mr. 
Ivii’wun liris suegesh'd ..n lli.' snhjfet, that the leu'ler may .see at mice tin: prc.sent state <d’ the 
•(iicstinn. 1 shall oniy u-maik that Ih" ahnve e\}ilaiiuti(nt, not being founded on any peculiarity 
in the nature of iron, sfcins to sn] piis,* that tlm .silver is also inenjiahle of I'eing piecipihileil 
l:om such solutions as iron, I annot a*-! 01 . hy any other met ul. Ihit this i- not tlieease; eopnev 
ind ^inc refldiiy t<it eijnlate sil'Cr 'V in tluvo- s.iJutioijs, 
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ill the solution at the bottom of tlie v\lnc glass, \vl\crc it contimuHl 
(luring several weeks, without suflering any change, or elVetling 
any precipitation of the silver. 

■3. When the solution of silver was completely saturated, it was 
no longer aflected by iron, according to Bergman’s observation. 

4 . Having found that the solution acted on the iron, and was 
thus precipitated, I)efore it had b(‘cn saturated, and not afterwards, 

1 w^as desirous of knowing, w’hetlicr tin; s.atiiration w'as the (‘ircum- 
slance whieli prevented tl)e action and juveipitation. For tliis pur- 
pose 1 added to ii j)oriiun of tlie saturated solution tionie of tlie 
same nitrous acid, of whi(‘h a part had Ix'en employed to dissolve* 
tlm silver ; and into this mixture, abounding with a stiperfliions 
acid, I tiirew a pi(*ce of inm, but no precipitation occurred. It 
was thence evident that tlie .saturation of the acid was not the only 
(‘irciimsUuice wliich prevented the precapilatiifii. 

To another jiortion of the .saturated solution of silvcu* I added 
.some-red smoking nitrous ;ieid ; and I found, on trial, that inm 
precipitated the silvcT from this mixture, and that tlie same appear- 
anees w(Te exhibited as had been observed wdth the solution Ixdbre 
its saturation. 

(i. The same eife^'t.^ w ere produr(*d when vitriolie acid was added 
to the saturated solution ot hilvor, aiul iron afterwards applied. 

7. I’o some of the same nitrous acid, of which a |xu*t had been 
employed to dissolve the silver, I added a piece of inxi : and while 
the iron was di.ssolving 1 poured into the iiijuor some of the satu- 
rated .solution of .silver, on wliieh a ])reeiplt Uion of silver took 
place instantly ; thougii when the i^ame acid iiad been previously 
mixed with the solution of silvi'r, and tlie iron was then added to 
the mixture, no jireeipitation had ensued. • • 

5, 'J'he (juantity of vitriolie acid, or of llu* red luming nitrous 
acid, necessary to eummunicate to the saturated’ solution of silver 
ifie property of being acted on Iiy iron, v.-irit's according to tlie 
conceiitratioit, and to the degree of phlogisiieation. of the acids 
added; so that a l(\ss (|iumtity than is sullicient do('s not produce 
any apparent effect. Yet, w hen the solution is by the addition of 
these a(*ids brought nearly to a precipitable state, the addition of 
spirit of wine will, in a little time, render it capable of acting on 
iron. 

9. ft appears then, that a solution of silver is not [weeipitated by 
iron in tlie cold, unless it have a su^ierabundanci* of phlogislieated 
ae.id.’^ 

* U wa.s said, ut section fom-j thfil tin* adilition i»l depbliijiMicatod nilious iind fo a t'-J ■ 
rd anlutiun of silver did not render this solutkni invcipitahh* by ir«'U. \ ot, ni l i di>*j«'iu"* 

sucli ar|uantity may be addod, as t«) omtcoihc the couiiUTudint: •inalify i f fij' sttluti''!* d 
so that the acid shall ho tihli* (n acton the inni; and >\hiJo Un^ niofjd i- dj.ssohiML'. d 
pldogisiicatc.s I be mixture, which then h< conn s cupaMo <ir Ivinjr iMrcipitatcd, .n:d m fad i'*- 
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JO. lieat afFocts tlie acUon ot a solution of silver on iron; for 
if iron be digested witli heat, in a perfectly saturated solution of 
silver, such as a solution of crystals of nitre of silver in water, tlie 
silver will be deposited in its bright metallic state on different parts 
of the iron, and the iron which has been acted on l)y the solution 
appears in the form of a yellow ochre. 

H. Ilergman relates, tliat he has sometimes observed beautiful 
crystal) izatioiis or vegetations of metallic silver 1‘ormed ein pieces 
of iron innneised long in a solution of silver, I iiave found that no 
M*ial is able to elfeet tiiis deposition, unless tbe solution be in a 
state nearly suffurientlv plilogistieated to admit of a ])reeipitation l)y 
iron, but wot eoinpletoly ]>lih>g)stier.te(l enough to I'lfeet that pur- 
)iosp innue(Jiatel3o 

12. Dilution with a gi*eat deal of water seemcil to (hspt^O the 
sohilic-n.s of silver to^l.u^ ]u eeipitatcal by iron more easily. A solu- 
tion of silver, which did not act on iron, on being vcr\'^ mueh dilu- 
ted, and leaving a piece of iron inmierscd i]i it, during several hours, 
gave a pi-eei(ulate of silver in the form of a black powder. 

§ ‘2. 0?i the ullcniiiom o'hich iron or its smfiirv nndirtj^ors h\f ihr 
action of a solution of silver in nitrous or of (t pure eonee.ntruU d 
nitrous acid. — 13. It lias bc‘en said, that wlic*n iron is e\j)os(‘d to 
tlic action of a pidogisticated solution of silver, it instantly ))roeipi- 
tates the silver,' is itself acted on or dissolved by tlie aeid sohitiem 
during a c<‘rtain times longer or shorter, according to the degree of' 
]ihlogistication, (]uaiitity of superabundant aeid, and other eirciim- 
stances, and that at haiglh the solution of the iron ee.ises ; the 
silver precipitate is n dissolved, if there is superfluous aetd ; tlur 
Jicpior beeomt's clear again, but oidy rencb'rrd a little browner by 
liaving dissol.ed some iron ; while the piece of iron rc;mains- bright 
and undistur!)ed at tlce bottouj of the hcpior, where it is no longer 
able to alfeet the solution of* silver. 

I t*. I jioiired a part of the phlogistic’ated sc)hitl()n of silver wliieli 
had passed through the-^e changes, and which had ccMscd t<) mX on 
the piece* of* iron, into .'mother glass, and droppc'd another pica'c of 
iron w ire into the licjuor ; on wliiefi I observed a ju'eeipitation ol' 
silvcrr, a solution of ])art of the iron, a redissohition of the,* prec'ipi- 
tated silvcT, and a cessation of all t!u*se phenomena, Avith tlu* iron 
remaining briglit, and epnet at the Imttom of the* licpior, as befon*. 
It a])peaved then, that the liciuor had not lo^t its pt>wc*r <d‘ acting 

« 

t'» tli'^ ! 'iPif r'l!', iMM -luMO* Jis j iln’-l *(1 :’' 4 li-)n 7. I’lu* liniits «>!' tlir i|iinitlil ios 

whicli itnxiiKt* rhiiii 'i's I'*- rtahiril, luvnu^c Dir-y on tin* pI' I'pMuMitra 

tion nn«l M 'lii'Mld'j <•:’ Uji- MiiiUHnres i.iwi>t«>y‘ cl . :unl llirnTon*, wlj«Mrv< r a snid 

(f» be ju‘oilu<’C'l !•)* a vi’i laii! ‘-ulishf’cp, it lamiis Cbat^l. loiiy be by some propnttipii, bill, 

does not iniply J \ of Uiat siibslaiu-t'. Wifbuiif Ip (bi-sf eorisidem 

|^e^spu^ t r;, inir »'> tl,'- id - im-iiti .ii» d in Ibi*; i JiabJ*’ b* 

dm.n ed. 
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ni iVesh iron, though it ceased to act on that piece which IkuI been 
exposed to it. 

15, To one of the pieces of iron which had been employed in 
the preeijntatiou of a solution of silver, and IVovn which the solu- 
tion, no longer cap.dih' of acting on it, had been poured off, I added 
^onie phlogisticated Ksolution «)f silver, whicli Jiad nevei* Ix en exposed 
to the acti(»n ol‘ iron, but no precipitation happened. It appeared 
t.heii, tliat the iron itself, by having been once (‘luployed to precipi- 
t;?te a solution of silver, was rendered incajiable of any furtlurr 
.letion on any solution of silver. And it is to be observed, that 
tin's alteration was jiroduced witlioiit the least diniinutioii of its 
metallic splendour, or change ol colour. The alteration however, 

w.is only siipovtiei.-d, is niny !>«• siipposi*fl for by snviping i>fV its 

altered coat, it was again rendered capable of acting on a solution 
of silviu’. To avoitl circiimlo(*iition, 1 sliall (‘aH iron thus afl’ecU'd, 
j/fcral iroif ; and iron wl'ich is ( lean, and has not been alti'reci, 
jrrsh. h'o:t. 

Ki. fo a i)ldoai>t!caicd solution (»f silviu*. iii whicli a piece of 
bviglu (fitrred iron liiy, witliout action, I added ;i piece of /’m// iruity 
which was instantly. ein'cloped with a mass ot‘ pn*ci|)itated rilver, 
and a<*U*(l onasusca^; but,‘^vliat is very remarkable, in about a 
quarter of a minute, or less, the ulh'n d iron was suddenly covered 
with. anotluT e(mt of precipitanal silver, and was now aeted on by 
tile acid solution li'^e tiie pieta* In a liltle time the silver 

]>reeipitate was reilissoi ved, a> iisu.il, and llu^ two pieces of iron 
were reduced to an c/Zenv/ Mate. Wlic-n a iM‘di piece was then 
hekl ill the liijiior, so a.s not in toueh tht‘ t\v<» piece's oi' d It crcrl iron, 
they W'ere adso soon aeted upon by tin. aeid solution, and suddenly 
covered Nvilh silver }ireeij)itate as bedbre ; and tiiese pheiiomen.i m;^V 
be re))eate(i with the same soliilion of silver, till the superlluous acid 
of the solution licconies saturated by t|u* iron, ami tluii the disso- 
lution of the precipitated silver must cease. 

17-^1 poiwcd .some de])hlogi.st?ic:ileil lulious .aeiil on :i piece of' 
altt rrd iron, without any action ensuing, altliougli this aciil reardily 
acted on /)va// iri)n ; am! when, to tluMh })hlogisticate<I nitrons aciil, 
nith a ])ie(‘e of alU rrd iron lying immcT.sed in it, 1 adiled a pii'ce 
«)!' fresh iron, tins immediaUdy began to di.ssolvr, and soon after- 
wards t!u' altered iron was acted on also by l!ie acitl. 

18. On a piece of (il/crcd iron I poured .i .solution of copper in 
nitrons acid ; but the copper wc.s^ p.ol precipitaUal by t!ie iron ; 
neither did thir> iron precipitale copper friun a a.-Iution of blue 
vitriol. 

M). Altered iroif w'as aeted on by a dilute phlogislicati d mtiou.^ 
aeid; but not by a red concentrated aeid, whicli is kmnvn to b* 
itigldy ))hlog:isUcatc(l. 

-fk I put some pieces ufclcan fia* li iron wir<* into a eonei'urratcil 
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and red tinning* nitrous acid. No apparent action ensued, but tlit. 
iron was found to be altered in the same manner as it is by a solu- 
tion of silver: that is, it was rendered inc:ij)ablo of beini^ att^^ked 
either by a plilogisticated solution of silver, or by dephlogisticated 
nitrous acid. 

*21. Iron was also altered by being immersed some little time in 
a saturated solution of silver, which did not show any visible action 
on It. 

2^. The alteration thus produced on the iron is very superficial. 
'Fhc least rubbing cx])oses some of the* fresh iron btuu^ath its sur- 
face, and thus subjects it to the action of the acid- It is therefore 
with didieulty that these pieces of non < an Ix' dried without 

losing their peculiar property'. For this reason, Igeiu'rally translernxl 

tliein out of the solutimi of silver, or eoneentrated nitrous acid, into 
any other liquor, tlie effects of wliich 1 wanted to examine. Or 
tiu'y may be tr«ansferrcd first into a glass of water, and tlien into 
the liquor to lx? examined. Hut it is to be observed, that if tliey he 
allowed to remain long in the water, they lose llieit peculiar pro- 
})erty or alteration. They may be preservctl in llieir altered state 
‘l)y l.>t‘ing kept in spirit of sal ammoniac. 

i2o. 'I'o a saturated solution of copper in nitrous acid, wliicli wa> 
capable of being readily precipitated by fresh iron, I added sonu' 
.saturated solution of silver. From this mixture a piece of fresh 
iron neither precipitated silv«T nor copper ; nor did the addition ol 
some dephlogislicated nitrous acid effect this pn*cij)itation. 

2 k A solution of copjier, formed l>y precipitating silver from 
nitrons acid by means of copper, v/.is very rciuclaiitly and slowly 
precipitated by a piece oi' fresh iron ; and the iron thus acted on 
by the acid was clianged into an ochre. 

2i). A saturated solutitm of silver having been partly precipitateil 
by coj)pcr, acquired the property of acting on fresh iron, and of 
being precipitated by it. 

2G, Fresh iron immersed sonu'lime in stdutions of nitre of lead, 
pr of nitre of iii(?rcury in water, did not occasion any precipitation 
of the dissolved metals ; but acquired an altered (piality. These 
iTKrtals then in this respect resemble silver. 

27 . It is well known, that a solution of martial vitriol, added to 
a solution of gold in acpia regis, prccij)itates the gold in its metallic 
state. I do not recollect, that; tlic precij)itation of a solution of 
silver, l)y the same vitriol, has been observed. However, on pour- 
ing a solution of martial vitriol into a solution of silver in the nitrous 
acid, a prccipitat(‘ will !)c thrown down, which accjuircs, in a few 
minutes, more and more* of a irietnflic appearance, and is indeed 
perfect silvar. When the two solutions are partly eoneentrated, a 
bright argentine iilin swims on the .surface of the mixture, or silvers 
the side of the glas'j in whieh the i‘xpcriincnt is made. When a 
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j)li logistical cd solution of silver is used, the inixUire is hljukencd, 
:is happens generally t<i a solution of martial vitriol, >vl»cre phl<>gi.s- 
ticated nitrous acid is added to it. 

I acfded about equal parts of water to a mixture ofa phlogisticalt‘d 
solution of silver and a solutien of martial vitriol, in which all the 
silver had been precipitated, and digested the diluted mixture with 
heat, by which means most of the precipitated silver was redissolvcd. 
Hergman has observed a similar re<lissohiiion of gold precipitated 
by martial vitriol on boiling the mixture : hut he attril)Utes the re- 
dissolution to the concentration of the atjiia regis by the evaporation. 
As this explanation did not accord w'ith my notions, I diluted tlic 
mixtuiv with water, and found that the same redissolution occurred 
both willi the sohilion of silver and with that of gold. But with 
ncillicr of the nicuiL’^ did 1 liiul iliat the redi&solutipn took place, 
unless there had bvcu a superahundant acid Tn the solutions of sil - 
ver and gold employ(*<l. 

2^. Mercury is also precipitated in its metallic state from its so- 
lution in nitrous acid, by a solution of martial vitriol. When the 
licpror is poured oil' from its preci]utat(*, this may he changed inbi 

running incrcury Uy dried near the fire*. 

* » *• 

1 f Muid also that silver niay be preci])itated in its metallic 
state, from its sohitimi in vitriolic .acid, by addition of a solution of 
m.artial vitriol. A vitriol of mcrctiry may also be decompounded 
by a solution of martial vitriol, and the mercurial precipitate, whiclt 
IS a black pow der, forms globul(*s> when dried and w.arnied. 

lama cornea is not decompounded l)]^ martial vitriol; cou- 
se(|iiently there is no operation of a double affinity. Yet thisluna 
cornea may lx* decompounded by the elements of martial vitriol, 
while they .ire in the act of dissohiticni ; that is, the silver inay^ln* 
precij)it.'ited in its metallic state, by digesting h.iiia cornea witi* .i 
dilute vitriolic acid, to winch some jiieco of irtm arc added. And 
it is to be observed, that tliis reduction of tlic silviT and precipita- 
tion fak(‘ pTacar, while the acid is yet imsatiiralcd. Mariiu' acid mu! 
iron applied to luna cornea effect the same reduction of the silver 
to n metallic state*, even when tlicrc is more acid tlian is sufficient 
for both metals. 

rhe explanation ol' lliese phenomena wdll be attempted in tlic 
siibsecjuent papers which I propose to present on tliis subject to tin 
society. ^ 


* \Vi' an* nni invarr Uiat Mr. Krir ’\cr r<n<‘arotl flu’ m'M’M "Ui* 
Ijon* proposed. Kjur. 
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f.IV". — Brief S}iiiGpsis nf lie Priueiples of Mk. James l^ Espy > 
VhUosophi/ of Storms.^ ♦ 

When llic .’lir near the surface of the earth becomes »noro hiMii'J 
i)V more* hii»]ily diarized with aqueous va])()ur, \vhic]i is only five- 
eighths of the specific* gravity of atmospherie air, its lajuilibviuui is 
unstable, and up-moving ccJiunns or streams will be fornu-d. 

As these columns rise, their upper parts will coim* muirr Ir.'.' 
pressure, and the air will tlierefore c'xpand ; as it (‘Xj>amls. it vm!) 
grow colder about one dc'gree and n cpiarter for (‘Vi ry hundrial 
yards of its ascent, as is demonstrated by (*xperimeots on the 
\epl telescope. 

'IJie a-K’ending eoiiinnts will carry iqi witli tluati the acjneons 
vapour th(’V <’onl;;?n, and if tliey liM- high ('ooogb, tlu' cold 

i.’roduv’ed by expansion ii'orn dimbiisbed ]>* nil) i'ondmso 
-{>;'ie (if iIj;'' vapour into eloii.l ; te*i! ];;no’. n tli.it elou'.! is fortned 
in tile receiver (»f an air-putiip when tlu‘a:r su'Menly witli-lr.iwn. 

riu' distance or .height to w!ii<‘!» J.’- ,v’i]l h:iM* to a.-ei ud 

beibre it ■will l?eeoie.e cold enough l»' begin to <i>nu elomh i-, a 
variribic (pi.'intity dc pending on t!ie nom-xa* of (h'giax s whieii th<‘ 
dew' ])oint is ])( low tiu' ttanpc'ratnre ol’ the air; and thi^ height 
may Ijc known at any tinu' b»y olisyrving l.ow man\ <h'grres a thin 
nietaliie tumbler oi‘ water must !>o eoohal <I(A\n l)i'h>NV the temp<‘r.’'- 
ttire <jf the air, beibre the* vapour begin ^ to eotuh use (Ut the ontsule. 
d'lie big!u*.'.t iemperatuK at wliieh it will eonden e, which i> vari - 
able according as llterc is niovi* or less va]>ouv iv. llte air. i> called 
tI^.• dew poil.t/’ and the diircrence bct»v<-en tlie dev, point .uid tIu 
temperature of tlie lir in degre/‘s i- called the (omp.lement ol* tla* 
dew point. 

it is manifest tJi;;t if the air at the surh:e(‘ ol llie ('avlh should at 
any time he cooled <lown a little lielow the d( w point, it would* ibrm 
a fog by condensing a small portion f)f it^ transparent vaj'.onr into 
httle fine partiel(!s ol* water, and if it should be cooled tfO''' below 
the dew point, it would condense about one half it.^ vapour into 
w\ater, and at belowg it w ould eond(‘n.se about llna e-fourlhs of 
i(s vapour into water, <*ve. 

This, bow'cver, w ill not be t xactly- the ease from the cold pro- 
duced by (‘xpansion in the up-nun^ing eolnmns ; for the vapour itst If 
gro%vs thinner, and tiu* dew point falls alioiit one-quarter of a de- 
gree for every hundred yards of asee*nt. 

It follows, then, as die temperature of (lie air sinks about one 
degree and a quarter for every lmn<Ire<l yards of’ ascent, ami the 


* rnpion- farts p.iuK t'MiJa'ali.h tin- ij/ li,,-. Snw-nov 
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(low sinks about a (jiiarler of a doi^ms that as soon as the oo- 

liiinn rises as many Inindn'd yards as the complement oFllio dew 
point contains de/^rccs of Fahr., cloud will hc^in to form. Or ii) 
other words, the bases of all clouds fonniuj:; l^y tlie cold of 
ished pressing* iVoiu up-uiovin/.( <*ohnnns o(‘ air, will bo about a- 
many Juindred yards as the dew point is belov/ the teinj)eia- 
ture of the air at the tinu*. 

If the temperature ol'tlie asiamdin;;^ coluinn should be 10^ abov(.‘ 
ti)al of the air ihrontrb which it par^ses, atid should riseto tlie luaf^lit 
of i SOO feet boforo it bf‘j;inst<» foiau (.aoud, the whole column would 
then In* inf» i(\‘t ol'air lii'liUM* tlian Mn-roundii^;;' columns ; and iftlu 
eolu’inu shoidd be very u irr(r\\ its velocity (d'trpwanl motion would 
ibllow tlje l.iw-- (u’ spontiny* (lui.ls, \\'hi(‘h w(»u1lI be cly'iit time-N the 
■-'juare iijm of !'»') lee'. .'i -ec uul, th.at is ‘^ai I'fi-i a '^eeond, and the 
bei-«)i,u-te’- iu tiu' e ‘Ulre o!‘t;i • eeluam at Us b..sc. u.'udd fill aliout 
tl'e isintli of au iieeij 

4\s .^ )o’M as cisiud lu'uius In form, ^h'ci.oru* ot’ elcisticitv of tiic 
vapour or stvrmi is y!va‘u our inte the air in coTitaet with ihe ftth/ 
pariic’h*' oi water i'orr.u d i>y the conjh nsit ioii ofr.'.e ‘.epojn. 

^vl'l pia'V-enl l,hf a;i ».j it ^ ]V‘o.;res- u:e • • ■ i’ro. j eoob-o' 

ft^l as il. ilid up lo tfeit poir.u aud froui -.-vp; rie.eee. oo die e-eoiie- 
i('s(*(ij)o, it is L‘«;ue.(i to o«»ol only a!/ >>it (aie helf.e^ luueh abo\(‘ the 
base of the elo\ul as below - that i. , ado- it f’ e-e’,;^lui\.s of a doirree 
lor (UH’ huudredi yiirtl.-^ oi .eeeiU, vi»v\i lie. dew po’.ut Is eJ)out 
li'the d<nv poiiil is hii^Iu r it cools a litlie :ess, aiu) if the dew point, 
js low* r, it (o )ls a 111 tie more liiau liVo-e;e;lith'- of a de^vci' in a^eeiub 
iiii; one hundred ye.rd.'. 

Now it has beem astanliined by airoe.nits and irivellers on. 
mouiitaiii'-. that the atmosphere ilsedf is about f;ne dee.1‘eo e(fider iT^r 
everv Innidred yards in iu*iubl alH)\a‘ tlu‘ surfieeof the sea, thiue- 
lore, ;-•> liie air in the elond, a!)ove its ft.-i'-e. is oni\ live-ci/.ddhH of .r 
(leirree colder tor evaa-y Innulreil yards in iieiyln. it foluov,'-, ilvr« 
wlienClic chtud is ot’ ^reat pt rpendrctflar heiyflit abov e its beise, Us 
top must be min*b waroier than the ,-Uimesp}iere at that heiiihl. and 
eonseqiumtiv viiucb liyduer, 

lnd<*(al the s|>eclfe yra\'ity oi'da cloud of any height ('ompaiaai to 
that of the surrounding ;n'r at the s.mu’ elevation, may Iw eaUailated 
wdien tin* iliw point is I'or it< temperature is known !>y 

(‘xpcrimenls Avith the Nt'phelescope, and tin* ijuantity of va)>our v'on- 
(lensed by the cold of diminisbeiUpressiire at every point in its 
upward motion, and <»t' course tlumpiantity ol* caloric »>f (*lasticiiy 
lyiven out by tliis condensation is known, and also the etfcct this 
caloric lias in i'xpandino the air rcccixiny il. beyond tIu* \n)]uiuc ii 
would have, if no caloric ol’ ci.'ft-ticity was evolved in the condcn^.i' 
tion of* the vapour. 

For example, neeiiribny; to the experiments v»t‘ I’rol. t\ aiti r U. 
.loluHon, of iMiiladel[>!iiv, a peuind ol steam at thv temoiuature ol 
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conUins 1030 of ailoric of elasticity, .and as^tlio sum of the 
latent and sensible caloric of steam is the same .at all temperatures, 
it follows that a pound of steam being condensed into 1198 pouiuls 
of water at 32*^ would heat it up 1^. And as the specific caloric 
of air is only 0.267> if a pound of vapour should be condensed into 
1198 pounds of air, it would heat that air nearly 4^', or wliich is 
the same thing, it would heat Ilf) pounds of air 4^', or 100 pounds 
48^, and in all these eases it would o\])and the air about 8000 
times the bulk of water generated that is, 8000 cubic feel for 

every c?ul>ic foot of water formed out of the condensed va[)our. 
And as it reejuires between 1300 and 1400 cubic feet ol‘ vapour, at 
the ojaliiiary temperature of the atmosphere, to m^ike one eubu* 
foot of water — if this <|uaiitity be subtracted from 8000, it will 
leave upwards of Ob'OO cubic feet of actual expansion of the air in 
the cloiul for every cubic foot of water generattid there hy con- 
densed vapour. 

This great expansion of the air in the forming (‘loud will cause 
tlie air to spread outwards in all diiTctions above, causing the 
barometer to rise on tlu* outside* of the cloud al)Ove the iiu^an, and 
to fill! below tile mean und(*r the middle of tlie cloud as iniieli a> 
it is known to do in the inid^t of gre.'r..' storm.?. 

For example, if the denv point .^lioidd In* very higl), say 7 8'^? 
then the quantity of vapour in the air would be alioiit one-fiftieth 
of its wliole wt*ight, and if the up-moving column should rise higli 
enough to coudeuse one-hall* its vapour into cloud, it woulil heat 
the air containing it 4o*", and tlu* air ^o heated would l>e I j- liSdlhs 
larger than t would l)e il* it was liot so iiealed. And il‘ we assuiue 
a. case within the bounds of. nature, an*i Viip])ose the ( loud and the 
(Vjlumn iiiul^r the cloud to oecu/)y threivtoiirtii.-^ ut* the wJiole 
weight of the atmosphere, or in other words, if wo suppr)sc‘ the 
top of the cloud to reaehta height wdiere the baromelei would 
stand at 7i inches, and tlie mean tcmp(/rature of* the whole cohmm 
40^^ warmer than the surrounding air, then wM>uld tiie bar^nueter 
fall under the cloud at the siirfac^e of the earth lO-KSOths of 
or a little more than two inches. 

Though llK:air may be driven up l)y the ascending column nnieh 
higher than the point assumed in the last article, the eloiid will cease 
to form at greater heights, because the dew‘ poin;. at tliese great 
elevations, falls by a further ascent as rapidly as the temperalure - 
and at greater elevations, it w411 evem fall more rapidly. If for 
instance the air should rise from where the barometer stands at six 
inches to where it stands at three indies, the dew point would f)dl 
about 20^, but th(^ temperature would fall less than 20’^, and there- 
fore no vapour would be condensed, by such ascent. 

When a cloud b(.*gin.s to form from an asetauling cohmm ol'air, 
it will be seen to swell out. at the lop wliile il.s base coijlitmes on 
the ^ame level, for llie air has to rise to ihc sanu' height before it 
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bceoiucs cold enough by diminished pressure to begin to condense 
Its vapour into water ; this will cause the base to be flat, even after 
the cloud has acquired great perpendicular height, and assumed 
tlie tbnii of a sugar loaf. Other clouds also for many miles around, 
formed by otlier ascending columns, will assume similar appear- 
ances, and will moreover have their bases all on the same or nearly 
the same horizontal level ; and the height of these bases from the 
surface of the earth will be the greatest about three o’clock, when 
llie dew point and teinjierature of the air is the greatest di.stance 
apart. 

The outspreading of the air in tlie upper parts f»f an ascending 
eolinnn will form an annulus al! round tlie cloud, under whieli t!ii' 
liarometer will stand above the mean ; of course tlu; air will de- 
scend in the annulus, and incrc i^e the? velocity of the wind at the 
s^urface of the (*arth towards the centn* of the asceiuling eoliirnii; 
wliih* all rcuind on tlu* outside of the annulu- l.here will ]>e a gentle 
wind outwards. Any general eiirrents oi" air which may exist at 
the lime, will of course? modify thes** motions from tiie ohIi(]ae 
forces they would occasion. 

The up-moving currenNof^air must of course* be emtirely sup- 
]>licd bj tlie air within the annulus, and that whieli descends in the 
annulus itself. 

The rapiil disturbanee of eejuiiibriinn, which Is ])rodnced by oih' 
ascending e‘e»lmnn, will tciul to fe?rnl oiln rs in its neighbourhood ; 
for the .air being pressed outwards fioui the muuiUis. ea* at least re- 
tardexl on the windward side, will tbrm othca* ascending columns, 
and thevse will form otIuT annuli, and the process will be oem- 
linued. 

• • 

These ascending eadmuns will have a tendency to approach, and 
iinally unite; for the air between iheiy must descend, and in de- 
scending the temperature of the whole eoUimu will increase, for it 
is known that the air, at grc'at tjevation, contains more caloric to 
the pofind than the air near the surface of tin* earth, because it is 
the n|)j)er regions that receive the caloric ut‘ elasticity given out in 
tlie coiulttiisation of vajionr into clouds. rhcreforc, wlieii the air 
h.is descended some ‘time in the mitldle, between two ascending 
colmnn.s, the barometer w ill fall a little, or at least not stand so 
liigli above the mean ti> it does on the outside of iht' tw'o clouds., 
and so the columns will be pressed towards each other. 

If one of two neighbouring colutnns slioidd be greatly higher 
than tjtic other, its annulus may overlap the smaller one, and of' 
course the current under the smaller cloud will be inverted, and 
tlte cloud wliich may hav4> been formed over tlie colimm thus 
forced to descend, wnll soon dfsaiipcar ; flir it is forced dow n- 
wards by the oviTlapjiing annulus of the more lofty column, it w ill 
come under greater pressure, and its temperature w ill be llnis iii- 
erea'*<*d_, and it is manifc*l that as soon .1- it*' top d.escend- as low as 
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its base, it will have entirely disappeared, and in the mean time the 
larger cloud will have greatly increased. 

As the air above the cloud formed by an ascending adiimn is 
forced upwards, if it contains inucli acpicous va|)our, a thin film of 
cloud will be formed in it by the cold of diminisbed pn^^sure, en- 
tirely distinct from the great dense -cinmil us below ; but as the 
enniulus rises faster than tlie air above it (for some ol the air will 
roll off) llie thin film and the top of the cuimiliis will coie.e in a)n- 
tnet ; and sometimes a second film or ca)» may be formed in tJu- 
same tvay, and perhaps a thinJ mid fuurth. When these e.»))s 
form, there wdll pr(>bal)ly be rain, as their formation indicates a 
high degree of sattiration in the upper air. 

Wlien thi' complement of the dew ])oint k very gre.U (‘20'"' and 
more,) eloiids can scarcely form ; l‘or up-muving columns will 
generallv eitlicr come to an c(|ui]ibriiim with surrounding air, or b(* 
(lispeivc'd before they rise twenty Imndrcal yards, whielt they must 
do in this- case, before tiuw' form clouds. .Sometimes, however, 
masses of' air will rise Iiigh enough to form clouds, but t!u*y are 
generally detached from any np-n.oving column underneath, and 
of course eannot then fuan ciimnli with /ha bares ; such clouds w dl 
be seen to dissolve as soon as they form, and even while Ibrming 
tliev will generail) apjicar ragged, thin and irrcgiihir. 

Moreover, if the ground should b<‘ colder during the day, tlian 
the air in contact w ith it, ns it sometimes happens afU‘r a very cold 
spell of w^eatlu'r, then ascending eohc.uns cannot exi.^t, and ol‘ course 
no cumuli can be formed on that day, evtai thougii the air may be 
saturated with vapour to sucli a degree as, to condense a portion of 
it on cold ])onies at the surlactr of the earth. 

Neither can clouds form of any very “Teat size, when tiu're an? 
cross currents of air suniei(.*ij.tly sUong to briMh in two an asc< nding 
current, for the ascensional power of the up-moving euriH*nt will 
thus be weahened and destroyed. , d in’s is one means contrived by 
tiatiirc to prevent u])-iu<»viiig eolmnns from increasmg unfil rain 
would follow. Without .some su(?h contrivance it is ])roi)ab!e that 
every up-moving column which .should begin to form clqiid wluai 
the d(;w point is favourable,, would produce r.Tiii. for as soon as cloud 
•forms, the up-moving power is ra})i(lly increased' by the (?vohiti()n 
of tlie caloric of elasticity. 

If it sliould be found by ob.servation that an upper ciirrent of air 
is passing from the mounUiins df Abyssinia over J'lgypt to the north, 
while the w'ind ])elow is Jdowmg from tin* north towanis th(?^jiiuin- 
tains of Abyssinia, this woidd nianife.^tly be owe ri*ason w'liy it 
seldom rains in I’^gypT during tlie pnxalence of this w'ind, timugli 
it comes higlilychargcd with vapouf Irom the Meditcrrancvin. lie- 
sides, it is known that during the prevalence of this wind there are 
great rains in Abys.sinia, and ofcoursi' il the upper current docs 
/low over KgyjU from the .-uulh, it vNruild bring in it a large portion 
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of tbo caloric of elasticity, which it received tliere, in the great con- 
densation of the vapour as it rose up the sides of the mountains at 
tlieliCcid of the Nile; of coarse the columns of air rising over 
Egypt, when they entcrcfl that current would cease to rise, for th.o 
temperature of that current would be many degrees hotter than 
themselves, and therefore tliey could not swim in it. 

Also, on the leeward side of very lofty mountains, there cannot 
\n* rain : for .as tlu? air on the windward side rises up tlic* sides of 
the mountain, it will condense all tlie vapour which c.an be con- 
densed by the cold of dimini.died pressure, before it reaclie.s to the 
lop, and even if a cloud passes over the top to the other side, it 
would soon disappear, because in passing down the slope it will 
come under greater |)rossnrc, and thus ho tlis.so!\od by the lieat pro- 
< bleed, are sonic of the causes which prevent rains at 

])artieular times and in jiartieiilar localities. * 

If, however, tiu* air is very hot below with a high dew point, 
;ind no cross currents of air above to a great lieight, then, when an 
up-moving current is one(‘ formed, it will go on and incrc.'ise in 
violence, ;is it aetiuires pertiendieul.ar elevation, especially after the 
cloud beu'ins to form. At fir4 the base of the cloud will be flat ; 
but after the cloud breonies groat ju^rpiaulieulav (li.iinetor, and 
tin* barometer Ixgins to fill ciinsiiKa’abl y, as it will do from the 
specific levity of tlu‘ ail* in the cloud, then the air will* not have to 
rise so far as it did at the moment when tlu‘ cloud lugan to form, 
l>«'forc it reaches hig!i enoiigli to ibnu cloud iVom the cold of 
diminish(‘d [iressure. 

Th{‘ cloud will now be convex below, and its u)>pi r parts w'ill 
he seen spreading outward in ah dircclions, evpeciedly on that sidi* 
towards which the uppor eurrent is moving, assuming sornelliini? 
(»!’ the shape of a nuisliroom. In tlie mean time the action of the 
iinnoving current below am! u}mii>\ing rurrent in l)ie middle will 
i>eeome very violent, and i£ the b:irometer falls two inches under 
the centre ofyhe cloud, the air wi41 Ciiol abiiul and the base of 
the cloflld will reach tlie earth if the dew point was only below* 
tile temperature of the air at the time llie cloud began to form. 
I'he shape of the lowm* part of the cloud will now l)e that of an 
invert(»(l cone with its apex on the ground, and it will he what is 
eallird a tornado il'it is on land, and a water-sjiout if at s(\i. 

(bi visiting the path of a tornadv), the trees on tlie extreme 
binders will all be found prostrated \^ith their tops inwards, either 
inwards and backwards, or iinvardsand forwards, or exactly tr.an^- 
verse to^the path. The trees in the centre of the jxith will he 
tliruwn either backwards or forwards jvnMllcl to tlie path ; and 
invariably if one tree lies acrOss.anolher, the one w’hieh thrown 
backwards is underneath. Those materials on the sides wdiieh are 
moved from their ))laees and rolled along the ground, leaving ri 
<race of their motion, will move in a curve eonve'x bcdiind ; those 

I 
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which were on the right hand of the path, will make a curve from 
left hand to right, and those on the left l)an(l of the path will make 
a curve from right hand to left, and many of tliese materials will 
be found on the opposite side of the path from tliat on which they 
stood on the approach of the tornado. Also, those bodies wliicli 
are carried up will appear to whirl, unless they arise fVom tlu* 
very centre—those that are taken up on the right of the centre will 
whirl in a spiral from left to right, and those on the left ot the 
centre, will whirl in a spiral iipwarils from right to left. On 
examining the trees which stand near the bi)i(lers ol the path, it 
will he found that man}' of the limbs are twisted round tin? tn‘es 
and broken in sueh a manner as to remain twisteil, tho.se on llii‘ 
right hand side of the path Irom left to right, anil tho^e on the left 
hand .side of the path from right to left. However, it will be Ibiind 
that only tho.se limbs^ which grew^ on the side of the tree mo.st dis- 
tant from the path of the tornado aie broken; for these alone were 
subjeet to a transverse strain. 

The houses whicli stood near the miildle of the path will b(' very 
liable to have the roof blown np, and many of tIkMvalls uill I)e 
pro.strated all outwards, by the explosive inllnence of tlie air within, 
and those houses covered with zinc oi;ti^’, iron. iKang air light will 
be liable to suffer inoftt. 1 lie Hoors from the ecllar.s will also Ire- 
(juently lie thrown up, and the corks of em}>ty bottles explmled. 

All rounirthe tornado at a short distance, i>r(*bably not more than 
tliree or four hundred yards, there w ill be a dead calm, on account 
of the annulus formed by the rapid elHiix of air above, from.llu* 
centre of the up-moving and expanding column. In this annulu.s 
the air will oe (]epre.s.sed, and all round on the outNide of it, at tin? 
surface of the earth, there will be a genlli* w ind outw ards ; and ol’ 
dbursc all ilk* air which feeds the tornado, is su})[)lieil froui within 
the annulus. Nor is tins didicult to under.staml, when the depres- 
sion of the air in the aniiuliis is considered, for any amount may be 
thus supplied by a great depression. 

Light bodies, such as shinglc>s/ branches oftrec.*-, ami it'ops of 
rain or water formed in the cloud, which arc carried up to a great 
licight before they are permitted to hdl to the earth ; lor though 
they may frequently be thrown outwards above, and then descend 
a considerable di.stancc at the .side, they will meet with an inhluw- 
ing current below, which will force them back to the centre of the 
up-moving current, and so they will be carried aloft again. 

The drops of rain, howevV;r, will freijuently he carried high 
enough to freeze them, e.spccially if they are thrown out above so 
far a.s to fall into clear air, for this air will in some cases be thirty 
or forty degrees colder than the air in.the cloud, fii this case if the 
up-raoving column is perpendiculah the hail will be thrown out on 
both sides, and on examination it will he found that two veins ol’ 
hail fell simultaneously, at no great distance a])art. 
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It is indeed probable that in all violent thunder storms in which 
bail lalls, the upnioving current is so violent as to carry drojys ol* 
rain to a ^reat height, when tlicy freeze and become hail. It i:? 
difficult if not impossible lo conceive any other way in which liail 
can be formed in the summer, or in the torrid zone. 

In those countries in which an upj)er current of air prevails in a 
particular direction, the tornadoes and water-spouts will generally 
move in the same direction ; because the upmoving column of air 
in this meteor rises far into this upper current, and of course its 
upper part will be passed in tins direction, as the great tornado 
cloud moves on in the direction of the upjier current, the air at the 
siirlace of the earth will be pressed up into it by the superior 
weight of the surrounding aii. It is for this reason the tornado in 
Pennsylvania generally moves towards the eastward. 

If a tornado should stop its motion fora few seconds, as it might 
do, on meeting with a mountain, it would be likr^ly to pour down 
an immense flood of water or ice, in a very small space; for tlie 
drops which AV<Jiild l)(.‘ carried up I)y the ascending current w'ould 
soon accumulate to such a degree, as to force llieir way back, and 
this they could not do, without collcctiug into one united stream of 
imnieuse length an^l* vveig^.t, ^and of course on reaching the side of 
the mountain, this stream, whether it eon^sted of water ov hall, 
would cut down into the side of the numntain a deep li(>le, and 
make a gully all the way lo the Imttom ol the mountain from the 
place where it fiivt struck. 

As th(‘ air .spreads out more rapidly above than it runs in below, 
there will a tendency in storms to increase in diameter, and 
also to become oblong fnnn the influence of the upper current in 
carrying the top of the cloud in its own ilircction. ^ ^ 

At tile cipialor, or at least those parts of it vdicre the trade wind.'^ 
arc.’ coihstant frou) ca.st to wi-st, it ’> prolvable tornadoes travel from 
ivisl to west. For as the air in the torrid /.one is about SO'- in 
Uanperatnre jjt a m(?an. and the ^ir in the frigid zone* is about zero, 
the air^in the torrid zone is eonstanlly expancK’d by heal about 
iSO-l iSth of it.s whole bulk in the frigid zone. This will cause the 
air at the equator to .stand more than seven miles higher from the 
.surface of the earth to the top of the atmosphere than at the north 
pole. The air therefore will rcdl olf from the torrid zone both 
ways tow'ards the pole.s, can.^ing the barometer to fall in low lati- 
tudes and ri.se above the ine.an in high latitudes. This will cause 
the air to run in below to>vards the tfquator, and of course rise there. 
Now from the principle of the conservation of areas, it will fall 
more and more to the west as it rise.s, and of course the upper cur- 
rent of the air, at the e(|uat(Wi probably moves towards the west. 

However, as the air rolls off above, toward.'^ the nortli, it will he 
constantly pa.ssing over portions of the earth's surface, whieh h.ive 
a less diurnal velocity tnaii the part from which it ‘^el out. and as 
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jproin the nature of inertia it still inclines to retain the diurnal velo- 
city towards the cast which it originally possessed, when it readies 
the latitude of about 20® or 2o®/ it will then probably be moving 
nearly towards the north— and beyond that latitude its motion will 
be to the northeasterly. 

If violent storm clouds, which necessarily rise to a great h(*iglit 
into the upper current, are driven forward in the direction ot the 
upper current, it is probable that the barometer will rise higher in 
that part of the annulus which is in iront ol' the storm, than in tlie 
rear, and if so, a sudden rise of the barometer in particular localities, 
may become, wlien properly understood, one of tlie liist symjitouis 
of an approaching storm. 

In consequence of the high barometer in Iront of the storm in a 
semi-aniUllllS, tlieairuill be forced downwards tlim*, mul cause 
in some cases a nu^iif^ violent action of the air or uind backwards, 
meeting the approaching storm, than will Ik* eypericiiccd, in the 
rear of the storm. 

As the air comes downwards in the semi annulus in front of tin* 
storm, it will come under greater pressure, and therefore any clouds 
whicli it may contain, will probably be dissolved, by tlu* luvit of 
great ])ressure, and therefore on the passage ol the annulus, it w’ill 
j)robably lie fair weather. 

Also, as tlic air above always contains more calorie to the piaind, 
than the air below, there will be an increase of t(‘mperalure on tlie 
])assago of the aiinulus, partly from the increased [in^ssun*, but 
ehielly by the descent of the air ; in very hot climates tliis increase 
of temperaU re, in front of the storm, will be \ery HUhiblj f(’lt. 

Tlic increased pressure in the nimuhis round a voleaiio, wlien it 
suvldcnly bursts out, will sometimes under favourable cireurnsiama's, 
be very great, and of course the air will be depressed from a grt'at 
height, so that some portion^ of the very air w hieli has gone np 
in the central parts of the ascending column, and huam’d cloud 
by the cold of dimini>hed pressun*, will !;e lbre(*d down V* the 
surface of the earth, bringing with it the caloric (»f elasticity wdiich 
it received from the condensing vapour ; if so, the heat experi- 
enced at the time of tliis descent, will be very great. 

'I’hese hot blasts of air will alternate Avitli cold blasts, Ibr the air 
whicli is forced dowui from great lieiglits in the aiiimhis will not 
only be very liot, but very dry, having condensed its vajiour, in 
its previous <a.scent. Now whiin this hot dry air Hows inwards 
again towjmls the volcano and ascends, it wdll not form cloud, 
because of its w ant of vapour ; and therelbia* the process of cloud 
forming will cease, and (*oi\se(|uently vain and Itail will cease* loo, 
until more air from a greater distance ‘that lias not been deprivtal 
of its vapour flows in ami ascends, 'riini cloud will .main begin 
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the barometer will rise rapiJly in the annulus and tall in the cen- 
tral part of the ascending column, and these alternations may cofi- 
tinue while the volcano is in activity, more ])articularly [{' the 
violence of the volcano itself .should be increased periodically. 

As air cannot move upwards without corning under diminished 
jUTssure, and as it rnnst thus expand and grow colder and coiise- 
(juently form cloud—aiiy cause wliich produces an upinovimr 
column of air, whctlrer that caus(‘ be natural or artificial, will pro- 
duce rain, when the complement of the dew })oint is binall, and the 
air calm below and above, and the upper pail of the atmosphere of 
its ordinary tempeniture. 

Volc:m(K‘s the refore under favorable cireumstancos will produce 
rain ; sea bre(‘zes which blow inwards every day towards the 
centre of islands, esix^eially if tliese islands have in them high 
mountains, which will prevent any ujiper current of air 'froni 
bending llie npinoving current of air out of the [lerja-ndicular 
l>efore it risOsS high enough to form cloud, sueh as Jamaic.:-- will 
produce rain (?very d.iy ; great cities where v(‘ry nnich fuel i- 
l)urnt. in countries where the complement of tlu‘ dew point 
small, such as Manchester and Liverpool, will Irecjueiitly produce 
rain ; even batch's, .♦nd at^vud^'iitd fires, if they occur under iavov- 
.able circumslaneo, may soinetinus h.e f(;llowcd l)y rain. Let all 
tliese favorable circinustaueos be Watcii- d (br in time of ciroiight, 
(and lh(‘y can only ocean* themj and let the ex|u'rimeiit be tried. 
If it sliould i)e suecessliil, the result would be highly beneficial to 
mankind. 

Independent of its utility to tlie tanner, it would be hig'dy use- 
ful to the mariner in the following way. 

As the very lime uid pl.iee ol the eommencenua^ ol' the rjgu 
would be known, it would be e:i^y to find out in wuat direetieai 
irom the place of beginning it mo\ed glongthe surface of the earth, 
and also its vchn’ily of motion, and llu* sliape that it avsumetk 
from J^une lime in its prog^Tss. Now this knowledge is ilie 
principal thing w.mtiiig to enable the mariner, who has the power 
of locomotion, to direct his vessel so, wlien one ortlu\se great storms 
comes near him, as to use as mueh wind in the borders of tlir 
storm as will .suit the purposes of navigation — for heaven nn- 
dtmbled makes the w ind bli»w iur his use and not for his destruc- 
tion, provided lie becomes acipiainted with the laws to wliich it is 
subject. Eroni the preceding principles he will he able to know in 
w’liat direction a great storm is ragging when it is yet several hun- 
dred miles from him. — Inm SHUntaus tJonniuL 
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LV. — On (he Kkclriciltf of a Jvt of Sicam muing from a Boiler. 

Bij li. C. Armstrong, Esq., in Lellers to Professor I'araday.^ 

Sir, 

A few (lays ago, I was informed that a very extraordinary idee- 
trical phicnomenon, connected \Yitli the ellliix of steam from the 
safety-valve of a steam-engine boiler, had been observed at Seghill, 
about six miles from Newcastle. I therefore took an early oppor- 
tunity of going over to that place, to investigate the truth of what 
I liacl heard, and by so doing I have ascertained tlie precise facts 
of the case, which appear to me to possess so much novelty and 
importance, that 1 deem it right to transmit the particulars to you 
believing that in y^our hands they will prove most conducive to the 
advancement of sciei\cc. Without further preface, I shall proceed 
to narrate what I saw and Jicard on tlie vspot. 

Tliere is notliing remarkable in the (construction of the boiler, 
which is supported upon ])ri(*k-masonrv in the usual way. "J’he 
safcty'-valve is placed on the toj) oi'a .small cylinder, having a flange 
round the lower end, which is fistiaied by bolts to the summit of' 
the hoiler, betweiai which ami the fl.i^jgi^ a cernent, comiioscd of* 
chalk, oil, and low, is interposed for the purpose of making tlie 
joining steam-tiglit. 

About thrci? Avecksagothe steam lagan to (»scape at this joining, 
through a fissure in the eeinent, and has ever since continued to 
issue from the apeiture in a copious horizonl?d jet. Soon after this 
took place, the engine-man, liaving one of Ins hand.s accidentally 
immersed in the issuing steam, prcsiaited.the other to tlie Icvia’ of 
the valve, with a view of adjusting the weight, when he wa^ 
greatly surprTsed by the appearance of a brilliant .spark, which 
passed bc’tw’cen the lever aiK[ his hand, and \va.s accompanied by ;t 
violent wrench in his arm.s, wholly unlike wliat lie hail ever exjie- 
rienced before, d'hc same effect \vas repeated when he attempted 
to touch any part of the boiler, or any iron- work connecteif with 
it, provided his other hand was exposed to the .steam. He next 
found that while he held one hand in the jet of .steam, lie commu- 
nicated a shock to every person wliom h(‘ touched witli tlic other, 
w'hether such person were in contact with the boiler, or merely 
standing on the brickwork which supports it ; but that a person 
touching the boiler, received a rnucli .stronger shock than one who 
merely stood on the bricks. • 

These singular effects were witnessed and experienced by a great 
many persons, and among others by two gentlemen with whom f am 
personally acquainted, and who fully coiu-oborate the above account, 
which I obtained from the eiiginc-nK'fti. 

The hoiler liad been cleaned out tlie day before 1 saw it, and a 
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thin incrustation of calcareous matter rcacliiiig as Ingli as the water 
level bad been removed, and the consequence was, that the indi- 
cations oi‘ electricity, though still existing, were very rmieh 
diminished. Still, however, what remainetl was very extraordinary ; 
for wlien I placed one hand in the jet of' steam and advanced tin* 
other w'ithin a small distance of the boiler, a distinct i-'{)ark appeared, 
and was attended witli a slight electrical shock- 

From the effect produced by the cleaning of the boiler, it ap- 
pears pretty obvious that the phenomenon is in a great measure, 
tliougl* not wliolly, dependent upon tlie existence of an inerristation 
within ; and the reason why such effects do not in aJiy ilegree 
attend the efHuxion of a jet of steam fVo)n a boiler in oi dinary case^, 
juust, I apprehend, be sought for in the fact, that in the j)reseiit 
instance tlie steam escapes througli an a{)ertiire in a iion-coiKliicling 
material, while in a vast majority of cases the escape must take 
place througli a metallic orifice. Can the explosion of boilers, re.s- 
pceting the cause of wliich so much uncertainty at present exists, 
liave any connexion with the rapid production of electricity which 
tlnis appears to accompany the generation of steam ? 

In tlie present case tlie incrustation of the boiler is very rapidly 
formed, and 1 therefore fxpect tliat in a few days the ellects will 
hav(* become as strong as tlu;y \\ere at first. \\ henever this lakes 
place I shall again go over to witness them, and if you wish for any 
further infbnnalion, I shall be glad to obtain it for you. In the 
mean time you are at liberty to make any use of tins letter that 
you think fit. 

I am, Sir, \ery respcetfiilly yours, 

11. (i. AuMsrKox(i. 

Nl’Wi H'sl'n* upon r\ IK', OtI. 1 1, I«s lO. 


Nowoaslli'-iipi.ii a’uio, ‘2‘J, Is 10. 


f • • 

Dear Sir, I yesterday revisited the lioilor at Scghill, in company 
with sonu? friends, and took with me such ajiparatus as I decnual 
necessary for experimenting on the electrical steam. The results of 
this second visit I now hasten to communicate', and you will find in 
the following account of my proceeding.^, answers to all the queries 
you were kind enough to send me, for the purjioseof directing my 
attention to the proper points of in(]uiry. 

1 found the boiler, and every thilig connected with it, precisely 
in the state in which I have already described it, and on trying the 
steam in the same way as I did on the former oceasiiUi, the elfcd 
was very nearly the same ; -1)111 when I placed niyself on an insu- 
lating stool, the intensity of the .sparks which passed between my 
hand and the boiler was greatly increased, as well a.s tlu‘ twitching 
sensatioji in the knuckles ;ind wrist, winch accomi»amed the opera- 
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tioii, and wliicli in my former letter I designated a slight electrical 
shock. In pursuance ol‘ your instructions, I liad provided myself, 
with a brass plate, having a copper wire attached to it, which termi- 
nated in a round brass knob. When this plate was licld in the 
steam by means of an insulated handle, and the brass knob brought 
within about a quarter of an inch from the boiler, the number of 
sparks which passed in a minute was from sixty to seventy, as nearly 
as we could count; and when the knob was advanced about 
one-sixteenth of an inch nearer to the l)oiler, the stream of elec- 
tricity became quite continuous. The greatest distance between 
the knob and the boiler, at which a spark would |)ass from one to 
the OthtM', was fully an inch. A Florence flask, coated with brass 
filings on l)oth surfaces, was charged to such a degree ti'ith the 
sparks from the knob, ns to cause a spontaiu'ous discharge throiigli 
tlie glass ; and several robust men received a s(.‘vere shod from a 
small Leyden jar charged by the same process. Tli(‘ strength of 
the sparks was (piite as great w hen the knob was presented to any 
conductor communicating with the ground, as when it W'as li(‘ld to 
the lK)iler. It appeared to make very little differenee in what j)art 
ol' the jet the plate attached to tlie conducting wdre was held ; but 
when a thick iron w ire was snhstituU'd for the ))laUN the eifcct W'as 
greatest when the wire was held very iiear to llu!* orifice. Idie valve 
was loailed at the rate of :i.>ll)s per stjuare inch ; but the pres.Mirc 
of the steam fluctuated considerabl)-, wdiich gave me an op])ortiK. 
nity of observing that the quantity of electricity deriv(‘d from tlie 
Jet increased and diminished w ith tlu; pressure. Tlu^ i‘leetncity of 
the steaui was jmilice, for w lien the pith l.mlls of' the electrometer 
diverged upon an inslrumeiit connected w ith the steaui, tlicy wnu'e 
attracted by a piece of sealing wax rubbed on woolhai cloth ; and 
when a pointed v>irc was held by the person on the stool, under the 
sluulcof a hat,*o pc/icil, and not a .star, of electrical light became 
visible, 

Besides llie princijial jet of steam which 1 operated iqion, there 
were several small streams issuing from different parts of the 
boiler, and in eacli of these the electfornetiT indicated tlie prcAaice 
of electricity. From the peculiar manner in w hich ll\(‘ steam blew 
off from the safety-valve when the weight on tlie lev(*r was lifted, 
it was (|uite impossible to try any satisractory (experiment upon the 
steam whicli W 7 is allowed to escape by that nutans. 1 applied the 
gold leaf (*l(?ctrometer to various parts of tlu^ boiler, which, I 
ought to observe, is in direct comniuni(aiti(jn w ith the ground by 
means of the steam pipes, but coqld scarcely detect a trace of elec- 
tricity in any part of it. 

The engine has another’ boiler l)esid(‘s tlie one in (piestlon, and 
the two boilers lie immediately adjacent: to each other. Having 
been informed that similar phenomena* had been discovered in this 
second boiler, I proceeded to apply the electrometer to .some small 
pencils of steam which were escaping in different parts, and found 
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the same indications which I had observed under similar circum- 
stances in the first boiler. I then raised the safety-valve, and the 
column of steam which esc;iped from it proved as highly charged 
with electricity as the liorizontal jet which issued from the other 
boiler, and in which the phenomenon had first been observed. 

Upon inquiry, I found that the water used in tlie boilers was 
obtained from a neighbouring colliery, where it Avas pumped out of 
the mine, and that the same w ater was used for the ])oiler of a small 
higli-pressure engine adjouiing the colliery from whicli the water 
was procured. In order, therefore, to form an opinion wlictlicr or 
not the phenomena in (luestion was dependent upon the quality of 
the water fVpni which the steam was gcfieratcd, I proceeded to 
examine the steam evolved from tlie l)oiler to w’hich I had been 
referred, and Avhieh proved to he a very &mall one. J’he valve W'as 
loaded Avitli only twenty pounds on the square inch, and I learned 
from the engine-man that no appearance of electricity had ever been 
noticed in the steam. U])on trial, however, I succeeded in obtaining 
very distinct sparks of electricity from the column of steam which 
issued from the safety-valve. The sparks were ct'rtainly Aveaker 
than those obtained .at the other engine, but this may reasonably be 
ascribed to the inferior pr#ssure of tlie steam, and smaller size of 
the boiler. 

I tlien repaired to another high-iiressure engine, Avhicli liclonged 
to the same establishment, and the boiler of which Avas siqiplied 
Avitli min Avater instc'ad of that drawn from the mine. In this case 
the pressure of the steam Avas forty jioinuls on the square iiicli. 
The valve was inac<*ossible, but a poAverfiil jet of steam Avas ob- 
t.aiiicd from the upper giiage-cock ; I could m>t, hoAvever, obtain 
any trace of electricity in tlie steam from this boiler, not even suffi- 
cient sensibly to aifect the gold-leaf electrumotcr. 'fhe jirosumptiofl, 
then, is exceedingly strong, that the phenomenon is in some Avay 
occvisioned by the peculiar nature of 'tlie water from Avln’ch the 
steam is prgduced, I eiu*lose you a specimen of tlic incrustation^, 
of a numth’s groAvth, deposited by the Avater from tlie mine in the 
boilers in which it is used. 

I simll be glad to receive any further instructions from you as to 
the proper mode of pursuing the investigation, and should lie 
much gratified to hear your opinion as to the cause of this most 
curious plieiiomeiioii t. 

1 am, dear sir. 

Very rospectfully yours, 

H. G. Armstuonu. 

M Faraday, Esq. 

* Tho iiiomstation is grey otid Jianl ; it ronlains tniros nf a soluMo inuiirtl*' 
and sulphate, but consists almost ontiiirlv of sulphate of lime, with a little oxi le 
of iron and insoluhle elayov matte*-, earned in prol)abl\ h\ the water 1 liere 
is hardly a Irary of carbon. ile uf lime in it.— M- I'. 

1 ho evoliiinin of electricitv hv vitpovizatinn, de‘;eiih(dhv Mi- Ann^tieng 

r> K 
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LVL — ExperimcnU on the Eleclncifij of Ili^lhPressure Steam. Hy. 

II. L. Pattins(»n, Es(j., F.G.S. 

To the EdHon of the Philosophicai Magazine and Journal. 
Gentlemen, 

A very singular phenomenon, viz., the* production of electricity 
by two steam-boilers, has been observed in this ncighbourliood 
within the last few weeks, the j)arti(Mdar3 of* which I have the 
pleasure of transmitting to you for pn])lication in your valuable 
Journal. The boilers in {jueslion arc situated at Cr.unlington Col- 
liery, eight miles nortli-Cctst of Newcrastle, where they .suj)ply 
steam to a high-pressure engine of 528-horse power, employed on 
the waggon-way to haul full and empty waggons to the top of two 
inclined planes, leading to the colliery on the one liand, and to the 
river Tyne on tlie other. The boilers are cylindrical, with circular 
ends, each twenty-one feet long, and five feet diameter. They 
are supplied wdth water from an adjacen.t poml by iron feed-pipes, 
four inches diameter, and the steam they produce is conveyed to 
the working cylinder by otIuT iron })i])es, six inches diameter, 
which pipes form also a direct metallic communication between the 
tops of the boilers. By moans of appropriate valves the steam is 
supplied to the cylinder from one or other boiler at pleasure. A 
pipe, two inches diameter, leads from tlic bottom of one boiler on 
the outside of the brick-work to the ash-pit, through which the 
sediment deposited by tho water i.s occasionally blown from one of 
Scott's patei^ collecting cones, and a similar pipe is attached to the 
other boiler. The boilers arc set in brick-work in the usual way, 
the fires below, with flues ijeaching all round, and passing into the 
chimney also in the usual manner. The flues are covered witli 
large flat bricks, and in the space between the boilers tlfo two flues 
are necessarily separated by a brick w'all. Tlie salcty-valvts are 
attached to the boilers by flange joints ; and b(?tween the flanges, 
to render them steam-tight, is placed a ring of plaited hemp covered 
with a cement of litharge, sand and linseed oil, mixed up together, 
And when applied of the consistence of glaziers* putty. This 
cement, as it soon becomes hard, is used about the engine for steam 
joints which occasionally fail ; but all the joints of the pipes are 
made of iron borings and sal-aiUmoniac, as ordinarily employed by 

is most likely the same as that alroady known to pliilosophors on a much smaller 
eca^e, and about which there arc as yd ihmbls whether it i.s to he referred to a 
mere evaporation, as Harris says, or to ^hefhical action, acconlinj^ to others. 
This point it neither settles nor illrstralosi imt it gives ns the evolution of elec* 
tricity durin;? the conversion of water into vajumr, upon an enormous scale, and 
therefore hrin/»s us much nearer to the dech ic ]»hcnonicna of volcanos, water 
.‘Spouts and thunder-storms, tlnm hefore.—M. F. 
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en^inc-\vri^<^hts. steam is worked at a pressure ot‘ thirty-live 

pounds per inch. 

The joint between the top ot* one of* the boilers and the seat of 
its safety-valve had given way, and steam was issuing forcibly 
through this aperture, wlien on Tuesday, September 21.lth last, the 
engine-man, William I’attcrson, while standing with this current ol‘ 
steam blowing .upon bis legs, took hold of tlie weiglit atbiclied to 
the lever of tlie safety-valve, to try the strength of the steam, when 
he felt fi peculiar pricking sensation in the ends of his fingers, but 
as the steam prevented lliui from >eeing (listiliClly, he thought he 
had merely struck his fingers rather siuldcnly against the weight. 
On Friday, October 2nd, on taking hold of the lever, he again felt 
a sensation in his fingers of the same kind as l>efi)rc ; and on Sa- 
turday, the .Srd, on touching tlie weight, tin’s sensation w\as 
stronger, and more distinct ; so much so, as to arri'st his attention 
and lead him to mention it to some other workmen employed about 
the engine, who all Ihandled the weight, and convinced themselves 
there w'as something about it very unusual. During the time they 
were tluis employed, Patterson applied liis finger gently to the 
lever, and perceived a spark. This was repeated by the whole 
party, and they soon fopnd that sj)arks eould be obtained from any 
part (if the end oi the boikir, as far as the valve upon the steam- 
pipe connecting the two boilers, and also from the pipe throngli 
which the sediment is l)lown, as already described. They observed 
further, that while standing in the volume of steam issuing from 
the joint, and touching the boiler, tliese sparks were always much 
stronger than when the boiler was touched by a person not in the 
current of steam. In one or two cases, according to their account, 
wdien the current of steam issuing from the joint w as very strong, 
the person exposed to it b(*ing jirobably partially insulated by 
.standing upon the dry and warm brick-work surriauK<ingthe botlor, 
gave str<mg spark.s to others out of the ( urrent on bringing his 
hands to theirs ; and once or tw’ic(» they felt, under these circum- 
stances, something like a slight electrical shock. It||||||^y be ob- 
served, that at thii^ time the woathcr was exceedingly nne and dry. 
It was not long ludbre tlie engineer of the colliery, Mr. Marshall, 
became ac([uainted with tliesc circumstances, and his first feeling 
was to apprehend that the boiler was in danger of exploding, 
for, as he said, “ when there was fire on the outside of the boiler, 
he did not know what there might be within.” lie accordingly 
sent to Mes.srs. Hawks’s, of Gateshead, who built the boiler, Ibr 
a person to examine it, and Mr. fJolightly, their manager in that 
department, went out on Wednesday, the Tth inst., for that pur- 
pose. He gave his opinion as to the siifety of the boiler, ami 
returned much surprised at the phenomena it presented. TJic 
singular circunifitanee of a steam-boiler yielding electrical sparks, 
and giving shocks, now began to be noised abroad: and my friend, 
Mr. Henry Smith, of Newcastle, who had luvinl tin' account 
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both from Mr. Golightly and Mr. Marshall, wrote me a note ac- 
quainting me with the matter, and desiring me to go with him to 
see it, which I did on the 11th inst., cind again on the following 
day, having with us the second time proper electrical apparatus. 
On our first visit, the boilers being unplugged and empty, we 
merely satisfied ourselves as to all the particulars of their setting, 
etc., already detailed. Next day, on our arrival, we found the 
engine at work, the steam uj) to a pressure of thirty-five pounds 
an inch, and blowing off strongly at the joint in the boiler. Ihe 
day was a little damp, but yet not unfavourabe, and we were in- 
formed on alighting that the indications of electricity were very 
faint and weak; however, we proceeded to our examination, of 
which the following is the result. — 

1. On touching the boiler with the blunt point of a penknife 
anywhere about the circular end, the weight or the safety-valve 
itself^ vvith ihe steam strongly blowing out oi‘ the joint, but with no 
part of the person exposed to the volume t f steam, no spark could 
be perceived whatever. 

2. On immer.sing one liand in the current of steam, and touch- 
ing the parts of the boiler already named with the point of a pen- 
knife held in the other, a very minute bdt disJnet spark was per- 
ceived, and this occurred equally on all parts of the boiler, or 
safety-valve, williin reach. 

3. By standing in the current of steam, so as to allow it to blow 
forcibly upon the ))erson, the spark became larger ; it was then 
one-eighth of an incli long. 

4. On holding n large shovel in the current of steam with one 
hand, and touching the boiler with a penknife held in the other, a 
spark was obudned three-eighths of an inch long. 

5. The cap of a gold-leaf electrometer, the bottom ofwdnch w’a.s 
held ill the hand, was applied to the weight, tlu? body of the 
operator himg entirely out of the current of steam ; and no diver- 
gence wa*roduccd whatever. • 

6. The electrometer held in llic hand had ii.s cap applied to the 
weight, the other hand of the operator biMiig immersed in the cur- 
rent of steam : strong divergence was immediately produced. 

From this it was evident that the electricity proceeded from tlie 
steam ; but as the boiler-house was damp, so that insulation by 
glass could not well be preserved, a copper wire was attached to 
the shovel already mentioned, the end of which wire terminated in 
the tmgine-house, some yard.s distant from the boiler-house, where 
was placed a table, d'he shovel w^as held by Mr. Smith in the 
current of steam, with its edge about an inch and a half from the 
aperture through which the .steam tssued, and the wire leading 
away from the shovel was insulated by being attached to sticks of 
sealing-wax held by assistants. Mr. Smith stood on an insulating 
stool. 



459 


By II. L. Pattinson. 

7. On touching a pith-ball electrometer, the threads of which 
were five inches long, with the insulated wire leading from the 
shovel held as mentioned, the balls diverged four inches with posi- 
tive electricity. 

8. 1'he wire was attached to an insulated tin conductor, when it 
yielded sparks half an inch in length. 

1). A pointed wire attached to this conductor exhibited the brush 
ol’ light a quarter of an inch long, which always attends the escape 
of positive electricity from a point into the air. 

10. A small jar was now charged so strongly as to give a rather 
disagreeable sluk^k. By this time a large crowd of men, w'omen 
and boys from the “ Fit Raw/' or pitmen-'s residences near the 
colliery, attracted by the novelty and singiilaritj^ of the circum- 
stances, had gatliered about us, filling the engine-house and looking- 
on with great curiosity and interest. A circle of sixteen of these 
men and women was formed, and they received together, much to 
tlieir surprise and merriment, a powerful sliock from the charged 
jar. This was several times rejieated, the numbers receiving the 
shock varying each time from twelve to t\vent 3 ^ 

11. A stout card ^vas perforated by a discharge of the jar ; and 
cotton wra|)ped round the end ol* a copper wire and dipped in 
pounded resin, readily set on lire. 

12. When the edge of the shove*! was made to approach the 
aperture througli which tlie steam issued as near as three-quarters 
of an inch, very vivid and brigJit sparks of tliat length passed 
eontinuiill}^ betNveen it and the boiler. 

113- The second boiler did not disebarge steam threngh any 
fissure, but on lifting its valve by the hand it blew off in a stroijg 
current. Wlien the sliovel Avas lield in one hand in this current 
of steam issuing from the safet\^-valve,,and the boiler was touched 
with a penknife held in the other, a spark passed exactlj^ as under 
the same circumstances in tlje boiler subjected to the above 
experitnentsf 

From this it would apj^ear that the steam of both boilers was in 
the same electrical condition. 

During the whole of^liesc experiments the engine was doing 
its work as usual, occasionally going and occasionally st^uiding ; 
but no difference was observed in the electricity given off by 
the steam. ^ 

I have been most careful to supply an exact account of the facts 
of this extraordinary, and, as far as I know, unprecedented ease, 
but I do not offer any theory to account for the phenomena. It is 
hardly possible to suppose that there is any local peculiarity «*dK)ut 
these boilers, or the place where they are situated, to occasion the 
hi/|hly electrical condition of the steam produced in them ; aiul yct 
it IS as difficult to suppose the fact of high-pres'^ure steam being 
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electrical, a general one ; for if it were so, it could hardly, up to 
this time, have escaped observation. The conditions, therefore, 
under which steam becomes electrical rc(jnire to be investigated, 
and it is not unlikely that the investigation may lead to important 
results. 1 am, (icntlemen, 


Benlham Grotu Galesliead, 
Ocioher 19, 1840. 


Vonr obedient Servant, 

H. L. Pattinson. 


llmi. 


JXll.--- Specification of a paleuf fur an Improvement in Mnnih 

faelaring White lAuid. Ciranted to Smith Gaiidnrr, city of 

New York, August 28, 1840. 

To all whom it may concern: He it known, that I, Smith 
Gardner, oi' the city of New Yoik, in the state of NVw York, have 
invented an improvement in tl\e process of manutacturing white 
lead, known to the ehemist wwdex the ni«ne of carbonate of lead ; 
and I do hereby declare that the following is a full and exact 
description thereof. 

The first part of my ])rocedurc c<msists in the treating of metallic 
lead by the well known process by whieh a pulpy substance is pro- 
duced, vvliich is known to manufacturers under the name of snbox- 
ide of lead, 'I'liis process eoiK'.ists in the ])iacing of granulated lead, 
or lead in fragments, in v>:sscls lined with sheet lead, and contain- 
ing water. 4'hese vessels may be in a cylindrical form, and made 
iS yevolvc oft their axes, like barrel churns, or they may have a 
reciprocating instead of a revolving motion ; and they may be, and 
have been, varied in form ifl diflerent ways, the only essential point 
in their construction being that the load contained within them 
may be subject to continued attifttion. Thus far, the process is 
indentical with that which has been adoj^ted and followed in many 
manufactories, in which it has been attempted to manufacture 
white lead from the suboxide of lead .so produced. 

In these attempts it has been propose *o carbonate the suboxidc 
oflead, by putting portions of carbonate of potash, carbonate of 
so(la, or other carbonates, into the water with the lead undergoing 
attrition, it having been .supposed that the alkaline carbonate would 
give up its carbonic acid to the oxide oflead, as said oxide was 
formed. Independently of the known affinities of the. respective 
articles named, I have proved, by repeated experiments, on a large 
scale, that carbonate of lead cannot be produced in that way. 
Another attempt to convert the suboxide oflead, obtained by tritu- 
ration, into white lead, has been by taking the said pulpy oxide, 
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a/;itating it in a vessel containing water, and forcing a stream of 
carbonic acid, or of carbonic acid mixed with atmosplieric air, 
through it. By this process a carbonate of lead has been produced, 
but in so imperfect a manner, as to leave it destitute of all the es- 
sential properties of that article ; wanting the density, body, and 
freedom from colour, found in good white lead. In consequence 
of these defects, the attem])ts hitherto made to inaiuifactfire white 
lead from the suboxide produced by triturating tragments of lead 
in leaden vessel?, under water, have proved abortive ; but, by a 
very simple variation of the process, I have succeeded in producing 
good white lead, which has been pronounced by judges to be 
equal to the best that is imported. 

As it was fairly proved tliat the siiboxide would not combine 
with the carbonic acid, alter said suboxide had been fully h)rmed, 
[ determined to vary the process so as to present the carbonic acid, 
in conjunction with a portion of atmospheric air, to tlie siiboxide of 
lead ill its nascent state; and this 1 have found perfectly eflTectiial- 
In order to effect it, 1 triturate my lead with water in leaden cylin- 
ders, or other vessels, as above described, but, instead of leaving 
tire vessels open, or perl'orating them, tor the admission of atmos- 
pheric air, I make •then? close, by means of suitable shutters, or 
stoppers, which may he removed wlienever it is necessary so to do ; 
and during the whole time that tJie trituration is continued, I in- 
troduce carbonic acid, accompanied by atmospheric air, into the 
triturating vessels. WIkui th(?se vessels are in the form of hori- 
zontal cylinders, I pass the gases into them through hollow gud- 
geons: a mode of construction and procedure well known to ma- 
cliinists ; under other forms or modes of constructing my triturating 
vessels, I adopt wliatcver means I may consider the best for intro- 
ducing the gases within them. The result of this process is, tljat 
the nascent suboxide of lead presented to the oxygen of the at- 
mospheric, air, and to the carbonic jiciJ, combines with tlicin, and 
at once produces a perfect carbonate of lead, possessing all tlic 
cssenUal pri^perties of that article. I in general open each Iritu- 
niting vessel once in about twelve hours, to remove the carbonate 
of lead which has been formed within it. 'I'liis may be done more 
or less frequently, according to circumstance-. 

When the carbonate oFleail thus maiudactured, is first obtained, 
it generally has a light tinge of blue, but this disappears in the 
process of drying, and it is not important, therefore, to adopt means 
to prevent it ; 1 have found, however, that by introducing a very 
small porlion of the vapour of vinegar in conjunction with the 
atmospheric air and carbonic acid, the white lead is at once obtained 
perfectly free from colour- 

The carbonic acid may be gimeratetl by the combustion of coal, 
or by the decomposition of carbonate of lime, or of oUn r car- 
bonates. 
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Having thus fullf 8ho\vn 'th43 manner in which I conduct the 
process of manufacturing white lead> or .carbonate of lead, and 
pointed out the difference in the process as adopte<l by me from 
those heretofore followed, what 1 daim therein as of my invention, 
and desire to secure by letters patent, is, simply, the introduction of 
carbonic acid and of atmospheric air into closed vessels, in which 
fragments of granulated lead is subjected to long continued attri- 
tion in water ; the introduction of these gases being intended to 
supply the portion of oxygen and of carbonic acid necessary to 
convert the nascent suboxide of lead into ivhite lead ; by which 
means a perfect combination is effected, and the desired result 
attained, as herein set forth. Smith Gardnkr. 


Spccihcation of n patent for Manufactnrhig Carbonate and other 
Sails <f Lead, Granted to Homer Holland, Westfield, 
Massachusrlls, blocemher 2d, 1838. 

To all to whom these presents shall come : Be it known, that T, 
Homer Holland, of the town of Westfield, in the covinty of Hamp- 
den, and state of Massachusetts, have invented several new im- 
provements in processes for compounding, making, and producing 
pulpy compounds from Metallic*' lead, and of converting said pulpy 
lead into sulphate and carbonate of lead for white pigments ; and 
also for making of said pulpy lead into chromate of lead, known as 
chromic yellow ; which special improvements in compounding have 
not heretofore been known or used : and that the follpwing is a full 
discriminating, and exact description of said methods, sufheient in 
detail to distinguish the same from all other processes, and to en- 
able any one skilled in chemistry to apply and use said improve- 
ments understandingly. The special improvements which I would 
describe and claim, consist, 1st. ki using any alkaline or 

substitute, in the moistening solution for the charge and chamber, 
or open headed cylinders, described and mentioned in my patent 
dated the 18th day of March, 1836, whose elements consist essen- 
tially of oxygen, carbon, and Iiydrogen, ii^any proportions, instead 
of alkaline carbonates, before recommended and employed, ^s they 
augHient the electro-chemical action, increase the product, and 
modify and facilitate the combination of the elements with nascent 
pulpy lead, by their presence, dr catalytically. 

Acetates of lead, whether neutral or basic# also sugar, and even 
alcohol, may be advantageously used in the solution, to moisten 
charge, chamber, and pulp. „ • 

2d, In adjusting the pulpy plumbic compound, produced as 
described in my said patent, for acetate and nitrate of lead, or with 
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the catiilytic additions with ncutnil chromate of jjotash or soda, or 
by disHolviii”’ the alkaline ehrouiates in water, and using this cliro- 
mic solution as the moistening of charge and chamber. 

The clironic jHilp, after subsiding, may liave most of all the 
alkali withdratvn by decantation, and the remainder neutralized by 
washing witJi water, made acid by sidphuric or other acid. 

The coinmenaal bichromate's of ])otasIi and hoda are to be made 
neutral by the additiim of suitable ]>roportions of their respective 
bases. 

The economy of the above pn»ecs> , in making chromate of lead, 
is in substituting die pliimhic eompouiids in. their nascent state, for 
the expensive plunibie salts, acetaa* ;i:\d nllrale, now usually em- 
ployed ill tJie niaiuif u ture of* chromic yeilo*. 

'Jd. In my said ])atcnt for oxidi /!;*;;• an:l producing leatl pulp, 
aithongli, in the iiu'ipieni stage of the operation, the Icaul may be 
an under oxide, the subscr/nent expoKsme, in \.hc opeo-lu'adcd 
chambiTs, to tlu' continuous and conjoint ac.^^o;? of the elements 
whicli constitutes tlie atmosphere, water, aiu! eatalycie additions, 
together with the fri<*tion, and the known am! e^tahii.* lied ju’ojicity, 
or capacity, wdiicl^ all iuelals, in a minute .^iate vt division, liave 
oi‘ a])sor])ing, “ dissolving, '•or combining' till elements w ith 
wldich they .ire iu cantacl, eonstr.iiiis me to dLscl.um the opinion, 
that pluml)ie pulp, under au}- eircum'^t;inc<‘;f, ean be eonsidered a 
tlefinite compound, am! miu‘h h an oxidi' ; but lliat it is a com- 
j)ound of lead, iiilo which the elements, hydrogen, carbon, and 
nitrogen, and their e.nnpounds, laVicr, a,', well oxygen. 

Hy the foregoing I'Midlvaitlon of t!ie ])u1py plu.ul>!e comjiuund, 
tile following ra.tion.ile id't.iie med.iticatious of t!:e pulp, in cunverb- 
iiig it into a perfect carbonate, cr sulpluit will be ajiparyuit. 
Afler carbonating thi' pulj) with cer'min catidytic additions, artili- 
cially.-! should there be any bjisic s;di,it is to be reic.ovcd by washing 
in ail alkaline solution, boiling, ji-.irlicul.irly iu making the sulphate 
of h*;id, Okie, pul}) must bo boiWd to modify th.e plumbic liydrale by 
more highl}^ oxydizing the pulp. 

The sulphate of li\‘id is made tlireelly from the pulpy lead, 
modifii^d and oxydi/.ed by heat, w hile in its moistened state, by 
digesting it, iu any (piantily, with sulphuvie acid of commerce, 
previously diluted with twice its measure of water, (more or loss.) 
and suflering the acid tliiis diluted to become perleclly cold, previ- 
ous to adding tlie pulpy lead. ^ 

It is necessary to boil llie ihlute sulphuric acid and jmlp 
thorouglily together in a shalloAv leaden vessel, with rather an exccys 
of acici, that the pvoiluet may become a perfect sulphate ; in this, 
great caution is veijuisite, otficrwisc the product will be. more or 
loss, a mixture of sulphate, bypo-sulphatc, or siilphanide of lead. 
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and its colour changed by mixing and painting in oil. Besides^ it 
will not be as dense, fine, and fusible. 

All the pigments should be thoroughly washed in several waters, 
and may be dried by the well known methods. 

The cylinders mentioned in sJiid patent, I now make about four 
feet in length, and thirty inches in diameter, wholly of lead, either 
sheet or cast, about onc-fifth of an inch in thickness. 'J’he ends 
are entirely open, except an inner rim to retain charge and moisten- 
ing fluids, or solution, with forming pulp, and allow a free circu- 
lation of the atmosplierc for its elements. 

They arc mounted on an axis, passing through their centres, 
and tlie centres are of iron, with arms which are attached to the 
rims of each end of the cylinders. The rolatiiais may vary from 
six to nine times a minute, and are moved by a drum and belt, or 
other gearing. Tlie pulj)y lead may he withdrawn every six, eight, 
or twelve hours. The medium charge is fifty pounds, and the 
moistening fluid, or solution, from tlircc pints to three quarts, or 
more. 

I claim, 1st. The process and method of using the alkaline salt, 
carbonates, and other catalytic suhstitutegi, as ^hereinbefore men- 
tioned, in moistening charge, and ebambers, described and men- 
tioned in said patent, in producing j)nlpy plumbic compounds ; 
and I do not intend to restrict their application and use to pulpy 
leads produced by revolving chambers alone, but to extend their 
apyflication to the compouiuls of lead produced by other methods 
of friction, whether substituted, or adopted, to evade my cliambers. 

2d. I claim making chromate of lead, as above specified and 
described. 

^1. I clain\modifying the pulpy plumbic compounds fibovc de- 
scribed for carbonate of lead, jind particularly the processes de- 
scribed for making a definite sulphate of lead, by tiigesting, 
boiling, and washing, as above discriminated, and made plain and 
distinct. • Homkk floLLAifD, 


Remarks by the Editor . — Wc have inserted the three foregoing 
specifications on the manufacturing of white lead, and of other 
compounds of load, hecaii.se the particular process upon which they 
are dependent, tJiat of producing these compounds from lead com- 
minuted by trituration, has, of Jate, excited much interest, and 
been a subject of frequent inquiry. The first of these specifica- 
tions leads to the conclusion, that Mr. Holland supposed this pro- 
cess to be new in the year 1 8.36, whilst the tact is that it was the 
subject of a patent obtained by Joseph Kichards, of Philadelphia, 
in the year 1818. A manufactory was also established at Norris- 
town, Pennsylvania,' in which the triturating process was em- 
ployed, and after essaying the thing for a considerable length of 
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time, the plan was given up. The white lead produced was defi- 
cient in body, and its colour was said not to be good. 

That Mr. Holland found the process of 1836 defective, is to be 
inferred from his patent of 1838, for iinpiovemcnts in it. We 
should be glad, however, to obtain his own account of this matter, 
as we might err greatly by detailing the information received from 
others. 

Mr. Holland’s second specification we think much more elaborate 
than clear ; had language more simple been used, it would have 
rendered his meaning more obvious to the great body, even of those 

skilled in the art/' VVe have ventured to insert, and to change 
a few words, wdiere we thought tluit it might be safely done, but 
further than this wre have not gone. 

On the 7tli of June, 1838, Mr. Vv'illiam Cumberland, of New 
York, obtained a patent for a process of riianufaetiiriiig a white 
pigment, the specification of wliich we published in vol. xxiii. p. 
40iJ. The patent obtained by Mr. Gardner is, it will be seen, for 
a particular variation of the process of* oxidizing and eaihonating 
the pulpy learl, and by which, he states, a very superior white lead 
is obtained ; and his statement has h^en corroborated by others. 
We shall have sometl)ing«further to say on this subject. 

* Joiiiuul ‘jf the i'rauklyn ln‘«tituto. 


LVIII. — On the course or path of the Klcctrir Fluid, » By Henuy 

Diucks, Esg. 

Head before the biterarv aud IMiiosophical Society of Jiivcrpool, Nov. 10. 

Altliough*we have two principal theorii*s by' either of which we 
may account for electrical phenomena, yet as is well known there 
is no theory that is univers.illy adoptetl. We prefer that of Du 
Fay ot two fluids, the resinous and vitreous, whereas in America 
the Franklinian theory of a single fluid continues to be received. 
It is certainly a curious and remarkable fict, that this important 
point which appears to be at the very licad of our iiupiiry, in in- 
vestigating the nature of tliis exceedingly subtle agent, should 
have so long withstood every effort that has been made to develope 
its operation ; and that with our expended means of pursuing tins 
interesting investigation, philosophers should still remain divided 
in opinion. We agree that it^s the same agent which is at work 
in atmospheric, frictional, magnetic, voltaic, organic and thermo- 
electricity. The same data are taken up by the favourers of either 
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theory to prove their seveial positions ; that influence of points ia 
alike advanced to prove the existence of one and of two fluids. 
Franklin and all electricians after him, speak of the star and the 
brush, the former negative, the latter positive ; whereas Dr. Fara- 
day contends that under favourable circumstances, and especially 
in some gases, the negative and positive points both offered the 
electric brush of light. VVe are all familiar with the experiments 
proposcil as evidence oi'the cxir.tonee of a single fluid, as the action 
of a flame betw€*en two balls, one positively, the other negatively 
electrified, by which the latter becomes very much heated ; the 
stream of air produced when a point proceeds from a conductor.; 
the manner of charging the Leyden phial ; and especially that 
given by Mr. r.iiilllii, when the discharge of ajar is made to ])er- 
forate a varnished card, between two points on cither side, but 
half an inch asiindi r, by v/hich the point proceeding from the 
negative sitle invari ibly perforates tlie card, although a hole may 
Jiavc previously been made opposite l!.c positive point, ulicre a 
perforation does not otluTwisc occur ; also the common discharge* 
throiiglt a card phiccil against a clearged jar, wlicre a burr is piaj- 
diicecl on both sides, but uiore markedly if llu'card is set vertically 
b(*t\vcen the ])<)ints ('f tlv? nniversal discharger, when tlu? ]>urv wdll 
be found larger on tlie negative sidcawlu're the? pt>sitlvc <dectricity 
may be supposed to make its exit, and smaller on the positive side, 
the outlet for tl)e negative or resinous (:lcctrii*iiy. 'I’he appearance 
by perforating bodies, migfit at first seem coneltisive that there aa? 
tw'o fluids, but it has occurred to tlie w riter, and may be worthy of 
notice hicre, in explanation of the double burr, tliough he has never 
met with any notice of :i similar view of' this subj<.*ct, being taken 
by others, that, »is llie electric flui.d is so rapidly excited by friction, 
prc.ssnre, and slighter causes; the electric tliseharge itself*, by its 
aihazing rapidity, may become the exciter of a quantity of the 
fluid previously latent, wdiicli brought into activity, a reaction may 
be thereby produced, and this whether t/iero is one or two fluids. 
This seems to be both a reasonable and I'.ighly probable eorise- 
ouence. ’ •• » 

We here liave instances of the efl’ects of the electric fluid, but 
can neither arrive at any <*onclusion respt*eting its nature, nor as- 
certain the direction of its course. As wh? might hope to arrive at 
something more conclusive by considering this latter point, which 
indeed is the main object of the jjresent paper, we shall proceed to 
this more important incpn'ry. 

One known means of tracing ilic passage of the electric dis- 
charge is thatmad(^ when the*points of the universal discharger arc 
placed an inch apart on a card, having a broad line painted on it 
with vennillion, wlien the discharge leaves a well defined irregular 
black line. 01)servation in this way, hovvevtu’, is very limited. 
We wish to arrive, for instance, at sometliing definite whether 
there is one or two fluids - and we wish to see in the path it takes 
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whether it passes right over, meets halfway, or passes side by side. 
In sliort, what are the peculiarities exhibited by the discharge of 
the Leyden jar ? 

Dr. Faraday, in his most excellent and alabornte Researches,” 
states that an ever present (pjestion on Iiis mind has been, Whe- 
ther electricity has an ac^tual and independent existence as a^Huid 
or fluids, or was a inert* power ol* mutter, like that we conceive of 
the attraction of gravitation. If determined cUher waify* he adtls, 
‘^it wojild be an enormous advance in our knowledge.” Not only 
every experiment which has lor its object the elucidation of elec- 
trical phenomena, but likewise the opinitms of electricians may 
truly be said to be ol' extreme value. It is well, therefore, that 
Dr. Faraday lias luit <»n lecnrd as well in what he succeeded as in 
what he failed. The ill success of one mav suggest another course 
of ex peri mental inquiry to some other worker in tin's prolific field 
of scientiH(! vesearerh, and tlius we may hope gradually to develop 
many important results ill coiiii».‘xion witli electrical science, from 
which, with good cause, w'e expect t(» reap many discoveries ul 
great pra.ctical benefits. 

It early appera'cd to me quite within the range o(‘ possibility to 
render tin's active fbtid a Vll-tale, as it wTri‘, of its own progress, 
(‘Specially in coiuincting the d^schar -c of tlu- I.eyden battery. I 
felt convinced ol' tins from what ha-; alrcaily l>een noticed of the 
piercing of cards, the black line left on a vermillion coloured card, 
and also iVom the uicirkings Icit on the uncoated glass by the 
spontaneous discbar^J;<^ of an overcli.arged jar. But my object was 
to obtain evidence on a larger scale, ami of a more conspicuous 
cliaracter. 

My first experiments were made with a piece of window glass 
four uiches square, snu'arcd on one side with a niixtui^ <^f flow’efs 
of sulphur and white lead ground together with gum water, laid 
evenly on tlie glass and dried. When "placed against the side of 
the Leyden jiir, the charge may be passed over it by using the 
discharging t^od, in wliich way a* dark brownish line two or three 
inches long, having a circuitous course, is easily produced. 

Not satisfied with this result I at length adopted a plan wdiich 
successfully affords an interesting illustration of the path of the 
electric fluid through a considcrabie space, varying with the quan- 
tity of charged coated surface. From 18 inches to feet is easily 
obtained with a gallon jar, or battery of equal capacity, provided 
the electrical machine is in good working order. The means of 
effecting this will appear very simple, though the conditions requi- 
site for its success are not so obvious as might at first appear. 
Take a broad oblong plate of glass, place under it a sheet of white 
paper, then by striking a fine Imir-sieve containing iron filings, let. 
fall on the glass an equal distribution of the filings until they eoiii- 
municrite a dark-gr(*y shade over the paper. Tht* glass .^o ])rt'pared 
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is to be placed in the line of communication for making the dis- 
charge. When this is done with the white paper under the glass, 
the result is most conspicuous, beautiful, and interesting. The ap- 
pearance that instantly follows is something like a map of a ser- 
pentine river, with often small branches issuing out in many 
streams at some of its principal windings and again running into 
the main branch. Throughout the tortuous course of this passage 
the iron' filings are swept away to the breadth of one-eighth to a 
quarter of an inch and upw^irds by the rapid transit of the fluid, 
W'itlj as much neatness and precision as if carefully removed by 
some process requiring extreme care and delicacy of manipulation. 
Often a few grains form an irregular central line. If a short piece 
of crooked wire in the form of a ring, arch, or helix, be jdaced in 
or a little out of the direction of the Iluid, it is made part of the 
circuit, and the filings arc not disturbed if any arched form OF 
immediate connection ofters a more perfect conductor. On shaking 
the filings off the glass no trace appears to remain, until breathed 
upon, when a clear tliread like line, having a slight dark colour, 
becomes distinctly observable/^ 

The success of this ('Mperiment seems to depend on a peculiar 
arrangeinent, and the best I have found, i*? to have the Leyden jar 
placed on the edge, and toiuthing the filings at one end of the glass 
plate ; a perpendicular rod of thick wire l)eing .at the other, from 
the top of which, a connexion may be made (by a discharging rod,) 
with the ball of a Leyilen phial. A full charge is requisite to make 
a good marking of the path, and the filings should not be too 
thickly spread, otherwise tlic electricity yiasr.es over in flashes ; a 
communication, too, should be made between the outside of the jar, 
and some good conductor, 'fhe vertical pillar at the further end of 
tlye pkatc, has been formed to answer when long thin bent wires 
proved quite ineffectual. 

It is only to be regretted that this beautiful experiment leaves 
the subject still open to enquiry ; but this may be one step, which, 
in other hands, may be made serviceable in obtaining gr/^ater results. 
I cannot pass over, in this ydacc, mentioning a very easy means of 
tracing, and so registering, the several experiments made at each 
discharge. 'J'his is done hy t/iking tlie glass, strewed w'ith filings, 
and having a marking which is to be copied ; on each end or down 
each side place a thin lath, on this lay another, but of plain glass of 
equal size, over all place a slip of paper long enough for a tracing. 
Now, rest the glasses hetw^een two tables set apart, or between two 
flat bars of wood, resting on a‘^lable, and in such a situation, that 
a small lighted candle placed on the floor, will throw the shadow of 
the filings up through the glass on the back of the paper. There 
being no other light in the room, this is easily done. Or by giving 
a coating of thick glue to cartridge paper ; this, if carefully man- 
aged, would take up the filings off the glass, and show a reversed 


^ A desoription of tlic apparatus will be seen at the end of the article. 
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specimen of the electric path. In this way I have taken the filings 
and preserved the figure made by the magnet. 

Another experiment, too interesting to be omitted, was performed 
with a few sheets of strong pfinting paper, stitched like a pamphlet. 
In the first experiment made with this, it was laid on the table of 
the universal discharger, and the balls being removed, the blunt 
pointed wires were placed on the paper, an inch and a quarter 
asunder ; the discharge of a very large jar, slit the paper, giving 
it the form of two small folding doors. With a mixture of equal 
parts of flowers of sulphur, and red lead, the face of the upper and 
three low’^er leaves were strewed over. The result on making the 
discharge was not always the same — thus 

Ex. 1. In a passage of one and a (juaiter inch, the positive entl 
was harmlessly passed over for more than one-third, leaving only 
a dark line on the top leaf ; from hence to the negative end, the 
paper was ripped open, the cut being in shape like the letter IL 
On examining the lower or second leaf, the remaining tw^o-thirds 
of the passage, that is, the liorizontal line of the FI., presented a 
broad black marking, wliicli had struck also to the under side of 
the upper leaf. The Jthirci leaf was untouched. 

Ex. 2. This was precisely trte same as the foregoing, with tlie 
exception of being a shorter ]>atli, and more violently torn, so that 
the rent, formed a very oblong II., and the positive side was unin- 
jured for near halfway. The remaining half, whichSve call the 
negative side, showed a broad black baml on the face of the second 
leaf. 

Ex. 3. This passage was remarkable from tlie paper being 
pierced on the positive side, clear of the rent beyond it, which w^as 
of a very imperfect H form. The paper w as uunira'ked^and unin-* 
jured for a quarter of the path on the j)Ositive side, at the end of 
this tlie paper was pierced w ith a small rtole. On the second leaf, 
a round black spot occurred, corresponding witli this terminus of 
the positive side, and at the negtftive end where the rent begins, 
there was another black spot or star, both connected by a straight 
cut in the paper not discoloured, and branching off right and left at 
the negative end, in form like a T. The third leaf not marked. 

Ex. 4. Here the passage from the positive was marked one- 
third with a faint line, at the end of which a small hole appears, 
and another hole at the commencement of the negative passage, 
without tearing the paper. On tho» second leaf these holes have 
corresponding black perforated spots, :md on the third leaf there is 
a broad black mark, with a corresponding one on the upper side 
of the leaf above it. These black marks are all very like the re- 
presentation of mountains in a map, and have a white band running 
through their centre. 

Here, as in Mr. Luliin’s experiment, there is a tendeiicy on the 
negative side to enter the paper, although its] surface is covered 
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■witli a coTuluctin^f vSul)St?;ncc. There is more violcnee, too^ on this 
sldcj where indee^l we liave a disruptive tiirfch.irgc. Thvi;o expori- 
inents ;ire on many accounts exceedingly interesting. It would 
appear as if tlic positive or vitrioiis cU?etricity liad greater velocity 
than the negative, that llic two cleetvicitics meet at this point, and 
uniting cause an explosion, followed in tliis instance by a chemical 
eilcct — the production of a sulplnirct of lead, Avhich marks the 
remaining two-thirds oi’llic ]>atlu This, if correct, woidd sccin to 
oflier some modification in tlie remarks Dr. Faraday makes on tlie 
ciUTent — he says, It is a most important i)avt of the cljaractcr of 
the current, and essentially i‘oimected with its very nature, that it 
is always the same. 'The two forces arc crrr.y nhern in it. 'riicrtMs 
7ievvr one current of force, or one Huid only. Any one part of the 
current may, as respects tlie pr(‘.sciu‘o of* the two forces there, 
be considered as pia'ciscly tin* same- with /my ]»art ; and the nmne- 
roiis experiments whicli imjily their possible >eparali(»i, as w'ell as 
the tlieoretical expressions whieli, being used daily, assume it, are, 
1 think, in eontra<lietion with laets/’ What he next adds is too 
remarkable in connexion with our experlnu^nts not to call for spe- 
cial notice. a[)pears to me to boas impossible to assume a 

ciirnait of positi\ or a <'(irrent of negulivc^ t'oree alone, or of Ihr 
tivo a( once nulh anf/ lo'cdontinnncr <f thr onr on r the other, as it is 
to give an afsoluli' charge to niattei.'’ (lb‘‘J7.) I'ho establislmuau 
of this as a^faet or its disproof he justly eonsuhrs of the titrciost 
iin])ortaiu*e. 

We uiiglit almost be inelineil to inquire in reference to the elec- 
trical experiment iVom llic consideration of wdiieh avc iiave tiigressed. 
Has the resinou.' eli'clricity a »endeney downwards, and tlie vitr<*ous 
a tendency upwards Or, has liie latter giv'ater velocity than tlie 
former? ^Or <Io tliese ex]>erimcnts at all piv>ve “ tliat the (‘cntris 
of the two fon’cs (or <'leclri<Mlie>), or eiemeuts of force, can be 
separated to any sensible v’iislance i‘” 

Norrmher, 1 .S4f), 

‘J, plaJ*' \ i., S!n'\rs llu' ai r;injLr» i/u ni. <•!' iq*p;ir;Uu> inr piUli 

:io]i V, iJu; nryUru Jar- .H, a '^{ass pUI;*r miMiuti-ti with a win* 

supp'a liiij^ t!s«‘ DM'fiil b;n* t). A, P, U, a pl;n<’ 4»vi*r witli iron 

filiiiG;s. K, K, ihi'. •lisrliarji^iiig mil ruin])l».‘le t.lio (taiuoAion in 

jnHliin*' ll«o 

ii. A, n, 1>, lilt' j:lass mid lilini:s di.qda} iiig Uu* ]'atli of thoclcetrir 

fluid. A, tli(‘ no^^iitivc ond, I?, llo.* positive. 


LIX.— Oy/ EIvctro-Ma^nvCH: Forces* I3y J. P. JouLK, Esrp 

C7- f have in my last paper <lesenbed a method of constructing 
the clectro-inagnct wdiieh is attended by great re.sa]ts. The few 
additional experiments .whieli 1 have now tlie pleasure of submit- 
ting to the readers of the Annals," are, I think, confirmatory 
of the principles before advanced. 

f>8, A piece of stuhivou was (as in the maimiaeturc of gun bar« 
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leh) formed into a spiral ami welded on n rnaiulril int j ih.* 
of* a thick tube, by \^hich process the iron was r<»ndered very coui- 
pact and souiia tiirouglioub Tlii.s, Tjul another piece of iron wliidi 
was intended for an armature, were })]aned. turned, and fjtteil witii 
eye hole screws in tlie manner that I have previously described 
(-9)*. In fi^. 1, pi. vii. C, represents the el(!elro-ina<^net, Di thear- 
)natiire, and A. B, a conductor of copper rod or wire passing along 
one side, returning by the axis, and then away by the other si<le, 
so as to go about the wdiole once only, and in a shape somewhat 
similar to that of the letter S. The length of the elcetro-rnagnetie 
cylinder is two feet; its external diameter is 1*1x2 in., and its inter- 
nal, ()‘5 in. ; tlie vvt'ight of th.e iron of tl:e magnet, wiiJi tiu; acrews, 
is (} lbs. 11 oz. ; tl'.at of the armature 3 lies. 7 oz. ; and the least 
sectional area (;f the magnetic circuit (Ip). square ijiches. 
'i’liis clectro-inagnet, in order to distinguish it from the n st, I eall 
No. 5. 

6*9. A copper rod, 3 of an ineh thick, vvr..';: eoven'd with a rih]»on 
of cotton, and bent alamt tlie cylinde r I ha^e just <h‘.sci*ihcil. 
I1ic eleelro-magnct and its arniatur;* were then . : c‘urc‘d, by means 
of cords })assing through the eyehole:;, to strong: }n’eccs of* iron 
adixed to the /eccr.v; ( IM*). A battery coneislin/* ol* eiyjit of llu* 
cast iron cells ((i(>), e;tc^\ of which pre'cntva? :i:\ ( (fective Mirfice of 
two s([uare feet, was ariv»::g(*d «?s a aral. »n e<anu'etic>n 

with liic cleetro-niiigni'l, ic.duced a liltin :*: povre-r c:fiibo*at Lhiit) 11 )! 5 . 

70. rjoijig awr.n* lliat a InimlK* uf tl.in -n iuiuvi better 

conductor tlian a rod. c)f tl;e seme v»cig;:! «i!'d length, I reir.oved 
the copper rotl and Ibr it u Ifsmd'.c, eem i t'ceg of bO 

copper wires, e:u h l-*j.Vd- :»r ineh tuie':. VfrJ; ihi fsrr.mgee.icnl 
it was found that li) eav iron Ijatterle.^ in e. -‘ri - uf J. producetl 
a lifting ]}u\vev o'C ibr*., or ISd timcti tlie wei.*»;.t ;if ir.ai laiv 

ployed in both tljc magnA ejul iU aruie.tin'e. 

71- Now, hy dividing tl.e pow-or tlm*'? ohl. lined by die iiMst .sec- 
tional area of tlie ma.pictic cirer.ir. upoii which it is induced, we 
have a^pecife power <d’ It' I, whiVh is only twa>tliinls uf that whicli 
a comparison with otlier elc<’tr.>-ni;{gncts would U :id us to expect, t* 
d’his deficiency is, 1 llilr.k, n:ainly owing to tlu* very small relative 
quantity of conducting metal about tliis (No. a) cleetro-megiut, a 
deficiency whlcli demands a proporliointe iiuTeas.i ol‘ i'.utery 
power, in order to produce the same tdfecls. 'Idn’s, will* the dilh- 
cuUy of making tlie weight bear evenly on every p-art t»f so long a 
cylinder, may, I think, .sati.sfy ns that, if every circinustanei' were 
strictly attended to, its maximum fifting powau- would obey the 
general rule 

72. Having suspected that fhe extreme power of the large electro- 
magnet. No. had not been attained in my last oxperim.ents, on 

• AnuaU tW ScpluuiVor, Vul. T;, j». |iM). 

t See Xttblo 1, .Xunuls. V^d.. p. UMt. 

J K<*r u, OoKcriptiou ibis vloctro si*i' (IV.U, p, I* lia'i 
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account of the imperfect insulation of its coils I was deter^^ 

mined to try it again, and to use every precaution winch was calcu- 
lated to develope its magnetism to the full extent. 'Flu? old wire 
was removed, and 2 1 copper wires i-2oth of an inch thick, and 23 
feet long, were bound together by cotton tape- I'his was wrapped 
on the iron, which had been previously insulated b}^ a piece of 
calico. 

73. Sixteen cast-iron cells, of the same size as tliose previously 
described, were then arranged in a scries of four, and connected by 
sufficiently good conductors to the electro-magnet. ’Fhc power 
which was then necessary to break it from its armature was 2775lbs., 
or nearly a ton arid a quarter. An immense weight, when it is 
considered that the whole apparatus, magnet, armature, and coils, 
weighs less than 2 bibs. 

74*. Now by the formula a' = 280 « (•^1), we have 2S0 X 10^=: 
2800 for the greatest lifting power of this electro-magnet, or only 
251bs. more than that actually found, which cannot but be con- 
sidered as a striking proof of the accuracy of the general principles 
I have before advanced (4f)). I'hat the saturation of the iron was 
very nearly effected, appears from the fact that the quantity of 
electricity used above, was fourtiines as^grea" as that which was 
competent to make tlic same clectro-rnagnet carry ly cwt. 

75. Although the battery that I have used for obtaining maxi^ 
mum effects is very powerful, a very good lifting power may be 
attained by means of a very small voltaic arrangement. For in- 
stance, No. J can carry H cwt. when the current generated by a 
single pair of 4-inch })lates of iron and amalgamated zinc, is passed 
through its coils , and with single plates of platinized silver aiid 
amalgamated zinc, ex])osing only two sejuare ‘inches of surface, tlie 
attraction is^such as to require the utmost force I can exert, even 
to slide the armature. 

« 

ISroom Hill, m*ar Maiichrsfcr, November, *3rd, 1810. 


Errata in Mr. Joules paper on Electro^ Magnetic Forces.~‘ 
Vol. 4, p. 478, table 4, for lG*6 read 1*66, Vol. 4, p. 4*81, line 25, 
for considerable read considcTably. Vol. 5, p. lyf), table vii., for 
26 and J 1 read 2*6 and 1*1. 


♦ 

« 4i 

been pre-senied to the Rural Victoria Gallery’* of Manchester, whero it stfil 
remains on exhibition. 
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Dr. Playfair On a Now Fat Acid"— Dr. Playfair baj examined 
some of the vegetahlo fats, for the purpose of ascertaining whether the 
rnuvgaric acid contained in thorn possessed a constant composition. Ho 
nunarkod that the acid in the butter of nutmegs wus peculiar, and had 
not formerly heoii examined. Ptdouze and Jiondei have stated in the 
Annates de Chimie, that it is margaric; acid Dr. Playhiir considered 
that the radicals of screcic and miianthic acid were similar; in the 
former, however, one o(|uiviihmt of hydrogen is replaced by (me equiva- 
lent of oxygen. It is a beautiful white crvsiallino comjjound melting 
at 49*^ C., and is soluble l)olh in alcolio] and ether. •^J’he comlnnation 
of the acid with oxide of giyccril, exists in the butter; it unites with 
metallic oxides and forms salts : lliose were descri])od, but the results 
are not siiscepliblo of analysis, as they were princijially numerical. 
'Flic* formula of the a'^id is»C HO. 

, M 3 

Dr. Etlling “ On the Inderiliiy of Spiroilous and Saliculous Acid" 
— The oil dis(‘over('d hy M. Pagenstecher, ami obtained by the distil- 
lation of tlu^ spincd nlmarictj has jilroady attracted considerable atten- 
tion. Dr. Ettliiig bad analyzed it previmisly to the a))])earan(jc of M. 
Piria’s valuable paper ou Salicyl. Tln^ oil decomposes into two oils on 
keopiug, one of whieli is specifically lighter, the otliev heavier than 
wjitcr. Dr. Eltling discovered that the latter ])osses«(;d the same com- 
poaition as hydrated benzoic acid The action of amnunfia on the fill 
gives rise to some new interesting compounds. In order to obtain these 
compounds it is indilleTent wlnllior saltculous or spiroilous acid be 
employed. The final ])voduct of the action of ammonia upon these, is 
the amidi^ of*\aIicyI (salicylamidtf). This body evidently belongs to 
tlic class of atniJes, for it does not evolve ammonia, on the addition 
eilltcr of potash or of acids. 'Fhe cause of its formaliou is as follows : 
three atoms of saliculous acid unite with three atoms of ammonia, and 
form siiliciilite of ammonia, wliihst. three of hydrogen and oxygen com- 
bine t()g(^ther and form water. Tliis salicylamide unites with copi'cr, 
iron, and lead, forming compounds. 

Professor Liebig “ On Poisons, Contagions, and Miasms.*’— Dr. 
Playfair stated that he had prepaivd, at the request of the autlior, a 
statement of Professor Liebig’s now views on tlie sul)ieet of poisons. 
Poisons might b(^ divuhul into two classes, those belonging to the inor- 
ganic and (irganic kingdoms, itlaiiy substances were called inorganic 
poisons whi(jh had in reality no claim to be considered as such. 'Sul- 
phuric, ))itric, and jnuriatic acid, when brought into contact with the 
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nninial economy, im^roly ilostroyed the coiUiiiuity of the organs, and 
might be compared, in ilicir modus opcrandiy to the action of a heated 
iron, or a sharp knife. Jhit there arc others — and these are llic true 
inorganic poisons — which entered into combimition with the snl^stanco 
of the organs w'itlioiU eflecting any visible lesion of them; Thus it is 
known, tliut when arsonious acid or cnrro‘'iv»> sii1)]inialc is added lo a 
soluiioii of miisenlar fibre, cellular tissue, or lihrin, those enlor into 
cojnbinution witli them, and heccrae in!=?r)]ubli^ ; wlieii they are intro- 
duced into the aniniial organism th«) same rirriiinstance must happtui. 
iJut the hodi.^s formed 1)V tie' union of sr.cli poisons with animai suh- 
staucos an' iin*apai)lo (d' faclion; lh«‘y are inea'-uhle, tlierofim:, ol 
efiocting .'liid snil'ering cliangi ^ ; iJi oth.-r words, organic \ilr. is do- 
stniycih 'I'ac high iaoniic weiglit of animal su'hstanci'S cypiaijus the 
cau-st? of snt'h small <p>antifies hriiig retjJiiKit?- (hr priuliicing ih-iully 
A fUT s- vei:;l eli Mtile'.d tlet.ills Ol! (Ills suhji'Cs it was 

s!i !ha.- fMtrd? - willi I ( *0 ;;r.ii;-s ol fibrin, as it exi.^Js in ih*.' iiunian 
hodv, (in ',vhi,'h it i‘< conilfim d v.ivii dthOOO pans yA' wau v) emly Ji] 
grains (d* arsenioi* acidi are ne<-i/><;ti v, or grains ol cruT/>s;ve snldi- 
mate, 'fhe sf co.al cliv'ra (>r])nivrm'< wa**re tliose hrhmging to llii* organic 
kingdmn. hor some sm h snhsfanc«'s as hnicia and strychnia, no d.'jta 
exist hv' which it c;ui l:<‘ deicnnin. <l to what (‘an^'“ their action may be 
as igniHl. Hnl the morbid ]>oisons, as'pntvhl animal and conta- 

gions matter, apraav to owe tfipir action to a peculiar auent. which 
exerts a mnch mom ;>.‘ncr.')l and powerful action than cln mists arc 
awart' of. rhus, wlnai oxide of silvi'V is thrown into j)«To\ide td* 
livd:’og< 11 , the oxidi'’ is re'Ui 'i'd, and metallic silver renmins. Here 
tiien- e;m he no c.iiiniiy, lor oxygen can Ivave m) affinity for oxygen. 
It is mer. jy the.t a nody in a slate of moiimi or decoinposilhoi is 
capehh; (d in*Un h:g np.on or iicipariing its own .‘-late cd molii.m or dc- 
comjiosilion to env hod.v witli wiii dj it may he in contact. 1 is 
a (ii>^ease lre<pn ijilv juaxlnced in (2<.vmany i)y nsing dccayeil sinisages 
as an arti\de of food, d'lie symptoms att-mding tliC disrate an? ve- 
TUi'.rk aide, and d:.;iinetly imlic iti' its cause. 'Phs? paiicnt alllicUai willi 
the. disi'ase hecoi.ors mneii fwi.iciati‘d, dries lo a coin|>Icte mmnniv% and 
finally ilics. 'riie muscular fibre and ;.dl jiaeis similaj ly composed disap- 
pear. 'rije cause of this i vid.enf] v is, that tlic slate of (lcconi]a>silion, in 
which the coinjumcnl paTsef tin* sans.ag^es are, is connimuicatcd lo tlio 
conslitiauils of llic hh'(»!l, ami il.is .state not ia'iu’g .subdued by the vital 
prim:i]>Ie, the disea'-t.' pvoe(‘e I- until death ensues. It is ivnjarkablc 
tliat the carcases of thf' individutils, who have died in con.^equenco of 
it, are not .subject to juilreficlion. 'Fhe cause of tlu^ aclion of con- 
tagious matter is similar. It is mere*] y a gaseous matter in the state 
of Iransfonnation, and capable of • inqiarting the state' of transposition, 
in whicli its atoms are, to the idoments of the blood. It is cajuible of 
being reproduced iu the blood just us yea.“.t causes its own reproduc- 
tion in fermenting ?ror/. The cause.s of tlie aclion of yeast aiid of 
contagion were, shown lo he tlie same, ond examples wore produced in 
which .similar rejiroduclions lake jdacc- in common dn'mical processes, 
riicri' .'ire two kind.', of veasi used in tln^ brewing of Ibivavian beer 
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Tho f(n'moiitalion calls'll by one is Unnulmous ; ibat ])ro.iiici‘d by tlie 
Ollier is irainiiiil. 'I’bev, tliondoiv., induce llie peculiar td uaus- 
positioii in which iheir atoms are upoa the ehineiils ol' ihe sumiv. 
The same was sliowii to lx* ihe case with the vaccine virus of cow and 
human sinalhpox, ol which, one imidiiccs a violent action upon ilxi 
constituents of ilie ]»lood, whilst, ihc other causes a ‘gentle action (piitc 
dislin jl (rom the former. 

Professor Haiinay said he could md. exactly coincide with llie, views 
proposed regard iir^ the action of inorganic ]U)isons, as he was con- 
vinced llie cause of their \inilenee was owin*^ to soundhinu’ further than 
mere conihinatioti with lli*- a’uuial memhranes; nor could he coincide 
in the comparison hron^ht forward l.y ])r. Playfair, that suljdinric and 
oxaiie acids nn-rt Iv acted like a heated ir.ni, by destroying tlie con- 
liiuiilv of ]):irlic,nlar organs. Ih* thonulit ibat throii'^li the couim’ of 
the iinpiirv c.licmistry iiad l.»eeii l(»!> inneli lu:])t in vie-sv, and tliat vriedi- 
cine had not h'''’n sibiiciently enii'iiltcd. It w;c^ >iiurul:n* to sec US 
hnniy'hl hu'dc to tb** time »)t f fli j)orr:rt«‘s, ubo al.M) iiad allii'ini:! that 
contagious m;Ut(‘r was a kind of V' cst acting in tho IjKuuI. Dr. Play- 
fair explaineal that Professor Lif'big cxpn'ssis >{:Mes in Iris rt’i ml, tiiat 
tins su]»j''cf. cannot be compb ted willioiit {1 m‘ co-op'-noioii oj'idiysio- 
hi^ists that Ic' iiad^ llieii’loie mend v liruuglit lorward tb juin iy 
chemit?al ]):irt ol the iirnnry, anj hopod iherebv to draw tin* attiailion 
of piiysiologi^ls to its fiutb. r inve^tigatjo!!. iiip'poeral* had certainly 
i'ompaivd the acLiiUi of yens! v.itli tba* o{ eontagious matter, and tin? 
conij.'arisou was so a]5t lli.it it v'cnid 'x-are-dy b«.' avoided ; I.mU the merit 
of i .iebig's views is, (]jju 1\- bas explaiord tljo aeiiou ol \east, ami 
shown lha.l it is owing to a preniiav a -vni \vhi«*i> has hilh.. v(v) rsv uped 
attention, hnl wbicli jdays a veiy im[M>ria;U p.irl in tin* [>hennineiia v[ 
coinbiiialioii and decompo-iiion, 

in:.oK. I'OtlUKS i\ Tin. ciuiu. * 

On the Dcroi/ipfi.sifio}} of Gltuss, l»v !>ii: David P.unv stkv. 

The»e is n# suhjei'.l moia cnriofis or more instructive tlian live dis- 
integntion of ( i v.-^tallized and uncrvsfalh/.ed b»»di. s, t*illu*r by llie 
direct iunucnce ofi-bfmieal agents, <*r the slow proc .ss ol natural de- 
composition. At the Edinhnrgh Meeting of the AsMU-iation, I sub- 
mitted (said Sir David) to lliis Section a Indef accmint (wbicli bas been 
since published in an enlarged form in the Kdinlmygli 'rransaciions) 
ot romarkahle optical pheno!nen:i paaluced hy tlie instantaneous action 
of water and other lluid.s on crystals, and on then' snh.siMpient deiaau- 
positioii when jdaced in their saturated solutions. Since tliat time f 
have had occasion to exaniiiie the ]dieiiomena of (b comjmsed glass, 
both of that which is found in Italy, of which I havt' received the 
finest spcciftions from .Mrs. liiickhind and the Marquis of Noriham]>- 
ton, and of other specimens refenlly found in making excavations 
among the ruins of the Chapter-hotise. of the Cathedral ol St .\ndri'\vs. 
In dccompo.se.d glass, the decomposition-comnitmces in ptn'nls. and 
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oxtends itself either in pianos so as tu form lliin films, or in concentric 
coats so as to form concentric films. When the centres.of decomposi- 
tion are near each other, the concentric films or strata which they form 
interfere with each other, or rather unite, aitd the clFecl of this is, that 
the glass is decomposed in film of eonsidcrahle irregularity, their sur- 
faces liaving a finely mammillatcd a])])eurance, convex on one side and 
concave on the other. The films thus formed are of extreme beauty 
and afford, by transmitted light, colours <»f infinite beauty and variety, 
surpassing anything produced in works of art. They Ijave the effect 
of dissecting, as it were, tlic compound surface of the solar spectrum, 
or of sifting and separating the sn])erimposed colours, in a muniier an- 
alogous to what is }>rodnccd by coloured and absorbing media. 1 have 
succeeded, indeed, in producing one or more hands of white light in- 
capable of decomposirion by tlu' prism; and there can be no donbi 
(hat they will be fiumd to exercise a similar or an analogous action oi 
the loading rays on the iluTmoinelric speclnnn. In the decomposed 
glass from St. Andrews, a change of a vovy dilferent kind is effected 
In some eases the silicecus and metallic eiemoJits of the glass are se- 
]>rnafoil in a very singular manner, tin? j>art.icles of silex having release! 
ihomselves from the stato of constraint ])r(»diiced b}* fusion and subse- 
!|uent cooling, and arrang'-d tin nisei ves circularly round the centre o 
d«'coin])osition ; while tin* nn'tallic particles, wbirli are opaipte, havi 
(lone the same thii g in circles alternating with the circles of the silioc- 
ous particles. This restiiration of the silex to its cryslallino statt^ ii 
proved by its giving the colours of judarized light, and possessing ar 
axis of double refraction. — The notice w'as illustrated by diagrams and 
specimens uf the different hinds of glass J <‘f»?i red to. 

Prof. Forbes observed that lew pcrsrmM can ibnn any correct concq> 
tion of the total amount of the xidue of glass used in the various optica! 
instruments, (m the correct action of which so nnich depended. Whe- 
ther the deco.vnposiiion which Sir David Prcwst(?r liad now hroughi 
under noti(?e, arose from tin? action of the atriiosphiire, or from inter- 
inoh'cular action, as Sir David> Hn'wster seemed to ibiiik, or from some 
original defect in making or annealing llic glass, it was of the utmost 
eonsrqnerce. Dr. 'i raill had givei> him a specimen of a piece oJ 
plate glass mamifaetured near J.iverjjool, wliioli, when ])olishcd, proved 
to be filled w'ilh fissures and flaws in the interior ; and he informed him 
that tlie inaiiufacturers had no means of ascertaining tlie defect, whicli 
frequently occurred, until they had gone to the ox])eiico of polishing 
tlie plates. — Sir David Brewster said, that the value of the glass em- 
ployed in philosoj>hi-*al instruments was indeed incalculable, and that 
the most valuahh? glass articles manufactured by Fruuenhofer,* o 
Munich, seemed to he jieculiarly liable to some superficial decomposi- 
tion of tifis kind. A prism of this glass in the Observatory of Paris 

♦ M. I/araoTir, the Frofi-jssor nf Astrotvimy al Muiiirh, who is in the corifiiant hahit of using 
Frauenhttfer’s glasws, «’as not [iiTsent at this conversation ; hut he afterwards infonned Sir 
Uavid flrewstor that tliere was an easy and cfl'eelual N emcdy for this tendency of FrauotihofeFe 
gJasa to dcUu iorate on the surface., wliich was, to mb it frequi'uUy witii the finer parts of whiting 
prepared by e]nl>orHtiT>g a niaw of rvliiting in water, the fine juiwder \,x ru* dried and used on old 

. . A, 
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had become absolutely black. A prism boloiiginp; to biuvsrlf bad be- 
come quite blue oti the surface, allhougli as yet it.s;a;lion on light was 
not effected. Tlie large object glass of the ]>vincipal Kdesctqto in i.h(.* 
Observator}^ of Edinburgh hud began to show decided symptoms of su- 
perficial decomposition; and many other instances also could be' men- 
tiormd. He c<msidcred it of the utmost im))ori;uice tlial a V'/incdy 
should be discovered and applied. — Fn»f. Forbes mentioned some in- 
stances of this kind of di.^coinjmsition taking ])!ace in telescopes on tlu^ 
continent, which sliowed that it was nothing ])eciiliar to onr climate. — 
Sir David Brewster did not think it arose from atmospheric action at 
all, hut from some inuttial action of tlie partich^s of glass iliemselvcs. — 
Prof. Forljos, 'riicn wdiy is it confined to the surface ? wdiy dot‘s it not 
pervade the mass of the glass Sir D. Brewster, Because at the sur- 
face tJic ])articles have more freedom than williiii ; and if tlie new com- 
pounds are largtjr than tin? glass itself, then they bavi? power to expand. 


On the Rings of Polarized Light produced in specimens of l)<vom- 
posed Glass. By Sir David Brewster. 

Ill the course of a scries of experiments “On the Connexion be- 
tween the Absorption of Light and the Cohmr>' of tliiii ])lares, poh- 
fished in the IMiil. 'fuiiih. I accidentally observed under the 

[)olarizing microscope certain plnmomc'na of polarized tints of great 
beauty and singularity. Those tints were sumoiimes linear and 
sometimes circular, and in some .speeiniens they formed beuuilful 
circular rings traversed by a black cross, resembling the j)henomena of 
mineral crystals, or those produced by rapidly cooled circular plates OV 
cylinders of glass. Having found in the decomposed ghiss from St. 
Andrews that the siliceous jiarlicles ha<i resumed their position as re. 
gular crystals, aiuf arranged thomselves circularly round the centre of 
decomposition, I was led to suppose that this was the cause ol tlie 
phenomenon, and tliat the rings were lli*^ effect ol the double refrac- 
tion of the minute crystals. A few experiments, howvvor, overiiinied 
this hypothesis, and I was soon sijtisfied, by a little further investiga- 
tion, that the ^phenomena an»se wliolly from the ])olarizatioii of the 
transmitted light by refraction^ llie splendid colours being entirely 
those of thin plates, which were someliiucs arranged so as to have the 
appearance of concentric rings. The structure by which iliose effects 
were produced, w'as com])arod by the author to a heap of very deep 
watch-glasses laid one above another. When the thin tilins wore 
arranged longitudinally, and were inclined to the gentual surface of 
the plate, so as to transmit the ra>;^ oblitiuely, th(? light was still 
polarized, but only in one plane — namely, a plane jierpendicular to 
the plane of incidence. When a drop of icaicr or oil was introduced 
between the films, the phenomena of polarization as well as of colour 
instantly disappeared. (This paper was illustrated bv coloured 
drawings.) 
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On the action of Nitric Jcid on the Chlorates, Todales, and Bromates 

of Potassa and Soda. By Prof. F. Pknnv. 

The present comnuiiiication conlaiiis the details and results of some 
expevimeuts undertaken with llie view of obtaining addiiional confir- 
niution of the correctness of the authors researches on equivalent 
numbers. In this ho has boon disappointi?d, as the action is attended 
by circumstances wliicb reiuhir it iiiaj>plicablc to so delicate a purpose 
as tlie determination ()f e(jiiivaleul numbers. I’ho results, however, 
that he has obtained are new, and ho considered tlimn of sntlioient 
interest to be worthy tlu^ attenlion o.f tlui Seelion. In ord(?r to examine 
the action of nitric acid iquni cliloralo of potassa, a known wcigln oi‘ 
the salt was mixed in a retort with a nuasurod <piantiiy «»f the acid, 
and tlio mixture heated on a sand* bath ; as soon as it hecanio warm, 
chlorine and oxyg^'ii were evolved in a stiite of inixlnre and not of 
comhination, ami the chlorate slowly disa])pearcd. 'Phe sohuion was 
thcji eva]a)ra<ed tt) dryness, and the saline residue was found to be a 
mixtiiro of hyjanvblorate and nitrate of jmtassa, in tlu‘ proportion of 
three eqiuvoh'uis of llio latter !«> one of the former. 'Die author ex- 
jtresses the reaction that takes j)!ace as follows: — 

4(K-!*-Ci-';-t) ) and )™(K-hCl-;-0 ) and 3(K-|-'N--!-0 ) and 

*i a i) 

Cl ami .O 

The action of nitric acid on chlorat(i of ])olassa diflers, (hen, from 
the action of sulphuric, acid on the same ^filt. Witli nitric neid tlie 
salt is dcconj])()sed t.ramjuilly, ami tln^ cldorimi ami oxygfm liberated 
uncomhined, whereas willi s\dpLiiric acid llo'se ga<es an; evolved in a 
sUle of coinl>i!iali(»n, forming that ihingeronsly «'X])lo.sive compoinid, 
clilorous acid. Nitric ac/td is ihiTcfore to he pndrrnal for tin) j^repara- 
tiou of h\ ]>< v-«*hlora(e uf ])otass:n as w4th it rln- oj)cration may b(' 

< oydneted williont lhos<^ violent ilctonalions tliat arc so a]>t to (iccnr 
with siiljdmnc acid. 'Idie action of uitiic acid on chluvate of soda is 
lh(‘ same as upon chlorate < 4 !' potassa. 'I’lie chlorine and oxygen 
set free are in a state uf mixture, and every fottr atoms of chlorate 
yield three of nitrate and one qj* Itypcr-cldorate. d lie hyper- 
chlorate of soda, is a very solul)le salt, and cry'stallixcs in small 
rhombs. It is readily decomposed by heat, but is unacted upon by 
hydrochloric aci<l. It delicptcsccs by exposure to the air. The 
action of nitric acid on an iodate is very difterent from that on a 
chlorate, and is well illuslrat<*d in the Cci.se of iodate of potassa. 
When iodate ol' potassa is boiled for some time with a large excess 
of nitric acid, it is dccomposeil into potarsa and iodic acid, tlic 
potassa combines with its proportionate cpiantity^^ of nitric acidj 
forming the nitrate, and the iodic acid is deposited from the solution 
in minute, hard, and transparent crystals. If the acid solution of 
nitre, containing the iodic acml, be then evaporated, a reliction takes 
place ; the iodic acid decomposes liulf of the nitre, sets free its 
nitric acid, and combines with the potassa, forming the biniodate. 
This change is completed when the mixture is dry, and if the heat 
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be then withdrawn a definite mixture of biniodate and nitrate is 
obtained. If the heat be continued, a still further change occurs, 
the iodic acid expels the whole of the nitric acid, which is evolved 
as nitrous acid, and oxygen and neutral iodatc of potassa rcinain. 
By adding a fresh portion of nitric acid to this iodate, the same 
changes may be produced by a proper regulation of the temperature. 
By acting upon iodate of soda with nitric acid. Prof. Penny has obtain- 
ed a biniodate of soda, and by adding a considerable excess of 
of iodic acid to a solution of iodate of soda he has found ateriodatc 
of soda. Both of these salts arc anliydrous. 'I‘hc biniodate of 
potassa contains one atom of water. He also finds that crystals of 
iodate of soda contain different quantities of water, according to 
the strength of the solution from which they Iiavc deposited. From 
a hot and strong solution of this salt crystjillzics in acicular tufts, 
and these crystals contain two atoms of water. If the solution be 
rather weak, long four-.sided [irisins are obtained, and these con- 
tain six atoms of water, if a-sohilioii of iodate of soda be evapo- 
rated spontaneously, large irregular prisms tieposit, and these con- 
tain ten atoms of water. I'hey effliu'esco rapidly by exposure to 
the air, and lose in this way eight atoms of wiiter. The action of 
nitric acid upon l)romatc,or ])otassa was next examined, and w'as 
found to differ remarkably fr^m the actions of this acid on the 
chlorate and iodatc. Neither hyper-brojuato nor bi!)roinate is pro- 
duced, but merely nitrate of jiotassa. ’Flic nitric acid sets free the 
wdiolc of the bromic acid, and this, at the moment of its liberation 
is resolved into its elements, bromine and oxygen. In conclusion, 
the author remarks that the action eff’ nitric acid on these three 
classes of salts affbrd.s a r<‘ady metliod of distinguishing them from 
one another. 

On the tests for Sulpkiiric Acid tv hen thrown on the Person, By iS. 

D. 'ihlOMlrtlN, O. 

The object of the author was to discuss the accuracy of the 
modes t>f te-stSiig sulphuric acid when employed for qyiminal pur- 
poses, and especially when thrown on the person. A case l)ad 
lately occurred to him in practice, and Avliich was brought !)efore 
the last sessions of the Central Criminal Court, which proved that 
the mode of determining the presence of /W e acid by jnerc testing 
was by no means satisfactory. A ^voman in a fit of rage -threw a 
quantity of oil of vitriol at the face of a cab-master in the neigh- 
bourhood of Euston Square, and the unfortunate sufferer 

could wash off thft acid two minutes had expired ; the consequence 
was, loss of vision in the eytx The aulltor stated, that having at- 
tentively considered this case, and mailc a series of experiments on 
the eyes of dead animals, he lia^ discovered that tliiskimi of blind- 
ness was perfectly curable, and he had accordingly proposed an 
Opcn-itlon for this puipose in a paper read at the Medical Section. 
But besides having his face injured, the hat of the man was dis- 
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iroloiired also by the arid. This article of dress Avas sent to the 
author, to determine the nature of the a^ent in lliis work of destruc- 
tion. The result of this experiment Avns, that the injured hat, as 
well as an uninjured one, contained sulpimric acid, as tested by 
nitrate of barytes, am] a solution of tlie soluble matter of both states 

of this article of dress affonled an acid reaction. It was therefore 
necessary to adopt some metliod which would afford a discrimina- 
tory test between the free and combined acid ; the usual mode, 
viz. by boiling with carbonate of lead, anil concluding, if any inso- 
luble sulphate of lead was formed, that the acid existed in a fretj 
state?, Avas found to he totally fallacious, l)ecan&e carbonate of lead 
<lecoinposes sulphate (d' soda, contrary to the opinion statetl in 
Avorks of medical jnrisprudejjce. besifles, it Avas sliown that many 
of the usually so called neutral sulphates exhibit, in reality, an acid 
reaction upon te>t-na])er, as in tlie inslanres generally of'sulphates 
of ])otas]i, ii on, soda, l)aiyt(‘s, and also in the cases of alum, ^5:c. ; 
and hence the excess ofacii! attached to ther.e salts would be apt to 
act as free acid iip<»n the barytes test. The aiitijor, tlu?re fore,, con- 
cludes, that the only denioiistrati\'e proof which cliemisiry affords 
is a quantitative analysis. Thus he found the entire hat to contain 
of) per cent, of sulphuric acid, probably in tlie state of alum or 
copperas, and the injuvctl hc.t l..S7r ]X‘r cent. ; or, in other Avords, 
the hat had received by the Injury 1.023 per cent, of free sulphuric 
acid. Here there was afforded chvir evidenee of the nature of tlie 
agent employed to effect the injurious object, which could not have 
been conclusive if the matter exaiuineci Jj.xd only amounted to a 
drop or '^tain. The author ilirected atleiition to a point connected 
with sulphuric acid in a inedico-logal point of view*, viz. tliat the oil 
of vitriol of commerce ?JAvays coul-iins, in this (?o»nitry, jxitric acid, 
in addition to varlotis other impurities. Ihua-uel has stated, that 
sulphuric a'l'id is capable of dissolving pl/iunnin. The author has 
not been able to satisfy himself that it dis.'-ulves any sensible quan- 
tity of gold-leaf. Harruel attributes the property, which ht? states 
it to possess, of dissolving platinum, totlu? .suljdiuric acid assuming 
the function ^f muriatic acitl. But the author is not aAvare 'of any 
experiment Avliieh Avould autliorize this conclusion. He is rather 
inclined to attribute the action, if .sucli an occurrence takes place, 
to the muriatic acid Avliich is present in all the oil of vitriol pre- 
pared from sulphur tliat he has examined. It is given out in 
sensible quantities when a solid oil, such as cocoa nut oil, is acted 
on by sulphuric acid. This he ascertained .several years ago^ when 
examining some Indian oils, awd Dr. Kane has since corroborated 
the fact of the existence of muriatic acid in oil of vitriol, although 
the author lias not been a.blc to ob.serve tbc solution of any sensible 
quantity of gold-leaf by the action of oil of vitriol per se ; yet if 
a few drops of muriatic acid be ailded, tlie action becomes A^ery 
powerful, and by the application of heat platinum also is dissolved. 
Tiiese facts, therelbre, prove that Avhenever we have oil of vitriol 
w e may expect also nitric acid. 7’hc author added, that he knew 



Brilisli Association Proceedings. 481 

of no certain inode of detecting the presence of nitric acid savi; by 
the property which it possessed ot dissolving gold and platiimni by 
the addition of muriatic acid. Pure morphia has no action upojv 
nitric acid. It is the resin which generally accompanies that alka- 
loid whieh produces the characteristic yellow colour. But the 
author found that preparations of opium in which the resin \^•as 
excluded^ afforded no colour when nitric acid was added. From 
an examination of numerous cases of poisoning by opium whieh 
had appeared before the Middlesex coroners* he had come to the 
conclusion that the re^in-of-opimn test for nitric acid, afforded only 
•n auxiliary method of arriving at tin; truth, as its cliaracters were 
frequently usurjied by other organic substances. 

On the Ecfiiit of Sarcocollu. By Professor ./ohnstox. 

The resin, of Ciircoeolla of comuu.rce is separated by water into 
tiiree ]>ortions; 1. A gum (A) whieh does not dissolve in water or 
ctlcohol, hut wliicli is in a great measure washed out by inetins of 
the former solvent. A portion (15) iiisoliiblc in water, ])ut solu- 
ble in akaJiul, which is of a resinous aspect, and ii? re})rescnted by 
C ll 0 . Tlie hvdrate.is C II <) +^1:10 when dried at bO". 

•10 :j-j * * -so II ‘ 

This porlioit 1>; is ,se]):ivaied ((leeompased :*) by bases into two or 
more organic conrpcauids, the .ileuliolie sojutiem giving svith neutral 
acetate of lead a salt eontc.ining an organic constituent represented 
by C no. Auumniki throws down from the mixed solutions a 
•10 y;» 10 

second salt of lend, the constilntion of llie organic eoiislitiient in 
wlii( h has not yet been detenuined. I». I'he portion taken up by 
water from tlie crude sareocolla, wiien evaporated to dryness, is 
separated by rdeoliol or etlicr into a (C) and an insoluble 

portion (0). 4. 'I'he soluble portion (• drital ;il liPJ, /Jc.vi* diseoV 

dfint results approaching to C il O , but wlu ii treateil with bases 

).; 

gave salts containing organic coin^litU'^ntsof a (iillerent eonstipuion. 
A neittral .H'ctate of lead throws down a >*alt represented by 
P60-f*C H O , and the subseeptent addition of tlie neutral /rh- 

iO \h 

acetate a salt represented by 2P(J()-i-C FI () . d. riie jaivtion 

10 lie 111 

D, insoluble in aleoliol, but soluble in water, consists of a gum and 
of a substance which i.s precipibitcd by neutral acetate of lead in 
curdy flocks. The investigation is still in progress, and the results 
are to be considered as open to conx'ction. 

On Rmiu, By Professor Johnson. 

In tills paper the author drw attention to the folloiving fact.s, 
apparently established by a table of analytical results, which he 
exhibited, and had printed : -1. That the resin.s difler from each. 
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other in the quantity of oxygen they contain* 2. That those in 
which the atoms of oxygen is the same, tlie hydrogen may vary, 
and that this is another cause of difference in the properties ot' the 
resins. 2. That in all the resins hitlierto carefully analyzed, the 
number of atoms of carbon is constant. 4. That the resins, as a 
natural family, may be represented by a general formula containing 
two variables. 5. That the known resins divide tliemselvcs into 
two groups, possessing unlike clunnica.1 and physic«il properties. 
That of one of these groups, colophony, nuiy l>e considered as the 
type, and that it is represented by C 11 .rOi/; that gamboge, 

10 33 — 

or dragon*s blood, may be considered as the tyj)c of the other 
group, ^Yhich is represented by C 11 -i-xO//. 


On a S 'c7V Salt ohfained Jhtm lodinr and Caustic Soda. Jiy Prof. 

Fiiku. l^'VXV. 

While exnvnining the aclion of ioiline on carbonate of soda, a 
salt was obtained, whicli crystallized iti regular six-sided prisms, 
and Yvhich gave by analysis sodium, iodine, and oxygen, in propor- 
tions not corresponding to any known conpopi)(l of these elements. 
The same salt was also pre])ared by saturating a solution of caustic 
soda with iodine, and allowing the solution to evaporate sj)ontano- 
ously. At first, this .salt was thought to be the same as that 
described by Mitscherlich in his elements of Chemistry, and to 
which he gives the following composition Na 1 - 1 - NaO, 10 - 1 - 11 O ; 

5 *J0 

but the analysis geve very different results. Professor Penny gives 
the following characters of tins .salt : — It is white and inodorous, has 
a sharp, saline taste, crytallizes in short six-sided prisms, is soluble 
irt cold and hot water, and is decomposed by alcohol into iotlite of 
soda and iodide of .sodium. It ellloresces by exposure to the air, 
and is very readily decomposed by heat ; water in abundance is 
first evolved, and then oxygen with a trace of iodine. Its solution 
i.s perfectly neutral to test papers, gives a pale lcinon<yellov# preci- 
pitate with acitatc of lead, yellowish white with nitrate of silver, 
and a fine bright yellow with pernitrate of mercury. It is not 
affected by solution of starch, but' instantly decom])oscd with the 
precipitation of iodine by nitric, sulphuric, acetic, :ind hydrochloric 
acids. The latter acid in excess converts it wholly into chloride of 
potassium. He detailed .a remarkable circumstance attending the 
formation of this salt from iodine and caustic soda. When the 
solution is evaponited spontaneously, long prismatic crystals of 
iodate of soda deposit; but as the evaporation continues, these 
crystals are rc-dissolved, and are replaced by those of tlie new 
salt. In one experiment tliis change was Very striking. The 
solution on Saturday night had deposited an abundance of fine 
crystals of iodate of soda, but on Monday all these had disap- 
peared, and a crop of the new salt had cry&tallizcxi. The 
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prior deposition of iodate of soda generally occurs in the pre- 
paration of this salt ; and from other experiments of the author, it 
seems necessary that there should be excess of iodide of sodium 
present in the solution, and that the solution should ])e strong, in 
order that the salt may form. When this salt is dissolved in water, 
and the solution evaporated spontaneously, crystals of iodate of 
soda deposit, but very few of the new salt will form. 1’lie salt 
may also be procured by pouring a saturated solution of iodide of 
sodium on crystals of iodate of soda, an 1 setting them aside for 
some days. I'he crystals will be dissolved and be replaced by 
of the m w halt Prof. Penny then gave the details of his 
aili'ir^ . ’ Ot this salt, and the following formula, as agreeing best 
with his results:— N;i I 0 -I-IJS HO; or regarding it as a COm- 

S S I '.* 

pound of iodate and iodide, it may be thus represented 
;j Na I-j-ii NaO I () -l-.'iS II O. Aecording to this view, it is the 

ses(|ui-iodi(!e of iodate of soda. 

On the Mode of (Irtaiini; Miituh: IWlinns of A/.scftir, 

By Dr. Clark, of Aberdeen. 

• • 

This mode had been appl.Vd by tin* author to the detection of 
arsenic in commerci.d specimens ol’ the metals tin ami zinc. Grain 
tin, made? in Cornwall, contains arsenic, which seeiv.s ti) be the 
occasion of the peculiar smell of the hydrogen evolved from that 
metal by the action of acids. All the specinums of commercial 
zinc that the author had happened to try were found to contain 
arsenic. Pure muriatic acid, diluted witli distilled acid, is poured 
upon the metal, and the hydrogen evolved is passed lirst through a 
solution of nitrate of lead, and next through a solution of nitrate of 
silver. Nitrate of lead seems not acted upon by arseniuretted 
hydrogen, — at least, when in very sm^ll proportion ; but were any 
sulphur present in the nietd, sulphuretted hydrogen would be 
evolvf^d in jonseciiience, and tlje solution of nitrate of lead woiiki 
be blackened, which, however, the autlior did not observe ever to 
occur. But nitrate of silver seems imimaiiately to be acted upon 
by most minute portions of arseniuretted hydnigen. A bluish Idack 
precipitate is formed, whicli, to judge from a qualitative analysis, 
appears to be an arseniuret of silver. This bluish black precipitate 
may be collected with remarkable facility, from its falling readily 
from the solution, which it leaves perfectly clear. Heated in a small 
tube, so that tl\e matter heated comes into contact with tlie air, the 
bluish black precipitate evolves arsenioiis acid, which, by the liquid 
test.s, may be further satisfactorily recognized. Antimony )>r()' 
duces a similar precipitate, so that the more appearance of the 
precipitate is not enough, without tlie production and i ecoguition, 
by the usual methods, of the arsenious acid. By a few evident 
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inoilifications, tin's method may be applied to mcdico-le^al inves- 
tigations. 

Dr. 11. D. Tliomson had found that the electrical tnetUod of Mr. 
E. Davy was inapplicable, in consequence of the deposition of a 
black matter from the zinc, which he had considered to be bitumen. 
Dr. Clark has, Iiowcver, proved it to be arsenic. 

On a Ne-w Mode of esiinmiin*^ Nitrogen in Orf^cit'lc By 

Professor B u n s k n. 

The qualitative methods at present employed for the analysis of 
azoti/cd bodies were shown to be defective, for it is impossible to 
employ these processes when tlie nitrogen and tlie carbon are in 
small proportion t(» each other. Prof. Bunsen’s f)roeess c<insists in 
introducing the substance to ])e analyzed, after having niixeal it 
witii oxide of copper, into a glass tube. A few slips of metallic 
copper are tliiMi added, and liie tube is (ixed to Dobertaner’s appa- 
ratus lor producing liydrogen. 'Dus gas is conducted through it 
until all the atmospheric air h expelled, giving the tnlie a rotatory 
motion at th«‘ same time, in o:der to dislodge* any air which might 
be retained betv.(‘i*n t!ie ]xirlieles of the e»xvie (jf copper. I'he tube 
is now liermeiicadly MNiled, and iirtrediice{l into an iron v(‘ssel filled 
with g 3 q)smn. ']' he gypsum must be still moist when the lii!)c is 
introduced, in order tliat it may la* firmly wc'dged. 'I hus pre])ared, 
it is inlrodueeil into tlie common oven u.'cd for organic analysi;.,^ 
and surrounded with ivfi-hot coals. li’tlie tube he. oi‘ strong green 
glass it never bur.sls. When 'd.e etunhii.^lion is completed, the tube 
is placed below a graduated gla.ss receiver standing ov('r UKTCury, 
and the poinl cut off. 1 In* g.is \;hich iiatl a yn’essnve ol* several 
atinos])herc.s nosv rushes into tlie ]a,r. 'I’lic carbonic acid is ab- 
sorbed by a^b.dl of hydrated notat.h, v.hieii is introduced into it, 
and the remaining gasnnr- t I;e nitrogen, for all the Iiydrogf*n must 
have been converted into v;ater by the oxygen of the oxide of 
copper, 'rile n*suRs ojitained by this method agree with theory 
to the second and often to the third decimal place. * * 


M I SCELL AIVEOUS A IIT IC LES. 


On the CuUivalion and Growth, of Elect roly 

Without entering into tlie merits or demerits of the various modes 
of proceeding, wdiich have been placed before tlie public, in the 
process of forming electrotype, t cannot help thinking that there 
are some theoretic points of very great importance, which remain 
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to the present inonient, unexpliiiied ; indeed, ne.irly mitoiiehod. 
15ut fis all tiu! processes ol' art are based on unvarying theoretical 
principles, and must consccjuciitly he prosecuted with much greater 
facility, and with better success, wlien guided by tlieorctical laws, 
than under other circumstances ; a brief view ol’ the theoretical 
priju.ij)lcs In t!ic process of ibrming electrotypes may j-ossibly be 
intcre::ting to many Headers of the“ Annals/' 

Whenever an electric current from a voltaic battery is made to 
traverse an afpieous solution of a metallic salt, sulphate of copper, 
for instance, a decomposition of tlie solution is accomplished, and 
the lit)ciMte(l particles of the metal assemble at tiic negative pole* 
And the oxygc*n and aeid matter assemble at the positive pole ; and 
the tajiinal negative plate in the solution, has its suriacc, next lo 
the p(*tiv(^ plate, soon covered, witli a coating of copper. If in- 
stead having two plates only in tin* solution, there were several, 
perleclly uneonnected with each other, as is shown in fig. 1, plate 
vi, every jilate \vould beeome eleetro-polar, having a positive and a 
negative surface, as indiealu! !)y ti\e letters |) n, j) n, &c, '1 lie 

positive side of eaeli jilate would become o.\idized, and the negative 
side would receive copjier from the li(|uid: and the deposition of 
eopper on the ncg«Uivi» sale of each piate wonld form a nmv corn- 
pad plate of coppia-. Aiul it ^any engraving were on the negative 
side of any of the^a* plates, or on all of them, tiie new ])lales, (the 
eleetrotypes) woiilil be complete jMctnres in relief, of tlie original 
engravings. Wlieii a single p;ur of nu tals is UH‘d, and an engraved 
eoppiT plate is one of them, and a ]>iece ot' /.ine the other, the 
<leposition of cop|H*r, from the .solution in wliieh they are placed, 
will in? on the engraved co])per plate. U Nvas in this way that the 
(‘liH'lrotypc \Ya.s formed, from wliicii liie print accompanying this 
imml)er was taken. 

A wire was soldered to the back side of tlie engravei plate, ami 
aiiotlier wire to a .similar piece of zine. I’lie mrjucr, will; its lace 
upwards, wa.s ])laced in a. 'solution .of sTilphate of c(»ppcr, and the 
latter in water in a porotis paper tray above it. The two wires 
w'cro fled together by a tihn eop'^H-r wire, wim h formed the voilaic 
circuit. I'he liijiiids were chang<*il every liours. In live day.s 
the first crop was removed from the engraved pl.ite. first 

crop was tlicn funiished with a wire and made to assume one .siiie 
of a new voltaic ]>air, with a new zinc for the othi‘r meta!. And 
by placing this new voltaic pair in .siniiLir liquids, and in the same 
manner, as in the fir»t process ; a sveond emp of electrotype was 
formed on the laee of the hrsl oiu;.^ 'riiis second crop, ol' eour>e, 
is a fac simile of the original engraved plate ; ami in six days hi*- 
came 4 ounce.s lie.ivier than it. We have other plates growing at 
the VTetoria Gallery, from wduch prints will betaken, and pi\>eiited 
to the readers of the Annals/' 
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Descripiion of the Dial Vinie. of Professor JV heat stone's Eledro^- 
Mi!^ nclic Telegraph, 

Figure C of pinto vii., is a front view of the dial plate of the 
telegraph, on which are placed twenty-five letters of the alphabet, 
and live indexes. The indexes are placed in a horizontal line on 
the letters M, N, O, \\ one on each : and by means of magnetic 
needles placed on tlie same axis, behind the dial plate, and those 
needles placed within spiral conductors in the usual way, the in- 
dices can be defiected either towards the right or the left, according 
to the direction of the electric current whicli traverses the con- 
ductor. \Micn only one needle is defiected, it indicates th(‘ letter 
on whieli it is phieed- All the other letters are indicated by being 
pointed at by two needles, 'fhe letter ¥, is pointed at ^ two 
needles in the ligure, and is coiiscijuently the letter intlic*d by 
the telegraph. Otiicr letters on the dial plate arc pointedjt in a 
similar majiner. 


On the renmrhahle (lijfnsht of Oorallinc Anmafenks from the use 
of Chalk in Ihe nrls of life, as olhsereed />// phrenhevg. — An exami- 
nation of the finest powdered sorts of chalk which are used in trade, 
has afibrclcd Prof. I'Jirenbcrg the IblhnV’ing n\siilt : that even in 
this finest condition, not merely theSnorganie ])art of the chalk is 
Ixicome .sejiarated, but that it remains mixed with a great number 
of well-preserved forms of the minute shells of coral aniriialciilc.'s. 
As powdered chalk is used for paper hangings, Prof. Ehrenborg 
also examined these, as well as the walls of his chamber wliich were 
simply washed with lime, and even n kind of glazed vellum paper 
called visiting cards, and obtained the very vi.sible re&ult—demoii- 
slruting the minuteness ot division of independent organic lile; 
that those walls and paper-hangings, and so, doubtless, all similar 
walls of rooms, liouses, and churclu.;, and even glazed visiting 
cards prepared in the aljove lucutioned manner, (of which cards, 
however, many are made with jiure white lead without any addi- 
tion of ('halk,) pre.sent, wdien magjuhed three liundred dian’cters, 
and penetrated with Canada balsam, a delicate mosaic of elegant 
coralline animalcules, invisible to the naki‘d eye, but, if suflieientlv 
magnified, more beautiful tiian any painting tliat covers them. — 
Annals of Nalaral JUshtn/^p. A'o. 24, for December j 


Auroral bell of May 29, 1 840. --About Oli. 2i)u\, P. M. of Friday, 
May 29, 1840, a luminous bell, "spanning the heavens from east to 
west, was seen by several persons in this city. When fully formed, 
about yh. 22in., its width was from to^'^, being widest and most 
Itiininous on the western portion its altitude, at the highest part, 
about above the southern horizon. Its light was similar and 
equal to that of ordinary auroral streamers, 'fhe extremities of the 
belt were 10"^ or 20^^ above the horizon, but their jiosition was not 
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particularly noted, and may have varied or more from the E. 
and W. points. 'J'he nortliern edge of the belt was well defined ; 
the southern was not very distinct. The belt slowly drifted south* 
ward, at the rate of about a degree per minute. At 9h. 30m., at 
which time the belt was brightest and most perfect, its northern 
edge was projected on A returns. Just before the belt reached this 
star, there was a slight bending, concave to the north, in that part 
of the belt which lay not Mipst of the meridian. This occurred 
near that region of the heavens in which (at this town) an auroral 
corona is manifested. The belt soon began to fade, and by 9h. 45m. 
was nearly extinct, but tor ten minutes longer, a small remnant of 
it was visible in the southwest, winch, before it disappeared, 

passed^to the south of llegtihis. The siiinmit of the belt was, at 
vanis9>i|^> about 10*^* south of Arc^turiis. 'I’his belt was apparently 
constituted in ])art of beams oblitpicly transverse to its length, but 
this character was on this occasion less conspicuous than has com- 
monly been noticed in other cases. J.)iiriiig the wdiole time tlie sky 
>vas obscured haziness and partial) y by clouds. There was some 
auroral light about tlie northern horizon, hut it had no visible con- 
nection with the beb* Soon after lOh. this light increased excced- 
ingly ; numerous streamers ro.^e to tlie altitude of 50^, and auroral 
waves flashed u)) nearly or quite to the coronal point. 

This auroral belt was seen at New York city, and doubtless at 
many other places, J f observations upon the position of the edge 
of the belt at given times were made at any considerable distance 
north or south of New Haven, we might have the means of finding 
approximately its lieight above the earjh. If any such observations 
were made, it is to be hoped that they will be given to the public. 

C. tlKuiiirK., 


New Haven, Coiinoolrut. 


Lectures on Electricity, Magnetism. Sfr. 


LECTURE If. 


Having, in the first lecture, given specimens of the electric, tlic 
magnetic, and the calorific classes of phenomena, I will now pro- 
ceed to offer to your notice a few other prelimiuiiries wliieh will he 
necessary to be understood before we can enter very fin* into the 
study of electricity. In the first place, then, I must present to^ 
your notice a very well established fact icspeeting a property ot 
atmospheric aif, which is applicable to all tJie gaties, aucl also to 
• 3 O 
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the electric matter. When the air within ilie receiver ot‘ an air- 
pump has become attenuated by the action of the pump, it still 
occupies the whole capacity of the receiver, and does not settle, as 
water would do, into the lower part of the receiver, so as tt> occupy 
that part only. Let ns, for example, suppose that the receiver 
originally contained a quantity of air wliicli we will call 1(K). Il*, 
now, by the action of ilie pump, .')() parts were to be w.Lhti/ :nvn, 
the receiver would retain tl)e other ^Jtoarts <mly, or ju i lialf 
of the original qiiantily. Hut these remaining ])ai'ts oi Lhc air 
would still occupy the whole capacity of tlie rcc<“ivei\ Suppose, 
now, tliat the pump is again set to work, aiul that it withdraws 
from the receiver just onc-halfof the OO parts tliatwere left by the 
first operation ; it is easy to understand that since the hal^of the 
60 parts has left the receiver, there can be only ])aits re^pning. 
But these.^o parts, which are only a (juarter of the original quan- 
tity. do not subsist in tlieir original dimensions, and so occupy one 
(piarteronly of the receiver ; nor do they subsist in one-half of the 
capacity of the receiver, in their dimensions previous to the last 
operation of* the pump ; but absolutely hH the whole capacity of the 
receiver as decidedly as the 100 original p^yts filled it. And in 
the same manner the whole capacity^ of the rcceiv<*r wouUl be 
oceupied by any remaining portion of air, evim afun* that portion 
liad become too .small for the pump to affect It any longer. Now 
in all these cases, it is obvious that the air has expanded by virtue 
of some inherent power -with which it is naturally endued. This 
ymwer is usually called repul.mj}i : and it is admitted by all pliilo- 
sophers that tlie particles of air have a natural inherent repulsive 
force, by means of which they are continually endeavouring to 
recede from one another. Hence it is that air liecomcs expansible 
to an amazing degree, ami any portion of it may be m.ide to occupy 
a space immensely greater .than that wdiich it occupies naturally at 
the surface of the earth. • 

On the oth«r hand, any portion of the air at the earth’s -lur face 
may be condensed into a .smaller and smaller compass than that 
which it naturally occupies. If, for instance, an invtTtcd glass 
tumbler were to be held just over the surface of the water eontainc<( 
in' a glass jar, it would contain a certain (juantity of air, which 
wmuld occupy tlie whole capacity of the tumbler ; but if this 
tumbler with its contained air, were to be pressed <lown into 
the water, the air would no longer occupy the whole capacity, 
but would be compressed into *a less space, and a portion of water 
would enter the low'cr part of tlie inverted vess el : and the deeper 
in the water the confined air was taken, the h 3 space would it 
occupy. I’liis is a very decisive expcriim i.L, and the simplest I 
can think of for showing the compressibility of air. A small piece 
of cork may be placed on the surface of the water beneath the 
tumbler, which will always indicate llie height to which the water 

iivnfmlv iii4u1n /Imitliu. ;>nrl cbniv thf> 
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ijp;ice occiipietl by the air. Having now become accjiuiinted with 
tIiCNe two tacts, the expansibility anil the condensibility of air, we 
learn that air has the (piality of being c/a.v/ic\ lUit it must not be 
t'orgotten that this qnalittf of' el asticitij wliich air possesses is a mere 
coiiseijnence of the natural inherent repulsion of its particles. 

By keeping in view the con.sc(|uenccs of the attril)utc of repul- 
sion which air4)os.ses?es, whilst contemplating electrical j)henomena 
we shall be enabled to account for a great variety of facts which 
would otherwise appear inexj)lica!)]e. Tiie electric matter, or, tlie 
electric fluid, as it is more frequently called, is much more higlily 
el i^iic than comimm air, and therefore can he condensed and alte- 
im.ited by employing proper means to a very great extent ; but its 
motions, when in the act ol'exp.-uiding, arc performed with such an 
iniitHmsc degree of activity tliat, altlioiigh several philosophers liave 
attempted to ascertain its velocity, their ctForts have hitherto been 
unavailing, 

Bi.-.sides llie quality of elasticity in common w ith air, and other 
kinds of gaseous matter, the electric fluj|| possesses others ])cculiar 
to itself. Its activity i^ superior to that of aii}^ other know'ii kind 
of matter: it enters "into^ the pores of the most eonq)act solids, and 
is to l)(‘ f<aind in every kind (Jl* tangible maUia*. It constitutes a 
portion of the aimosplurc, and frecjmauly accumulates to an 
:im.aziiig extent in tlie clouds, gradually increasing In density, till 
its elasticity becomes snflieiently great to enable it to burst fVoni its 
aerial prison in a compact form, and evhihit ilsell in all the majesty 
and splendour of ligluiiii^g. 

It is a remarkable fact that the nu>tior,s of the eU etric fluid are 
much more facilita.tcid by some classes of laabes than l>y others. 
'I'lic metals are considered to Ihc.ilitate the ])ro:;res^ oW the electric 
Jbn’d to a gnvitcr extent than any other cla>s of Ix'dicsi whatever 
But the metals tlu’mselves, a-; indiviflu.n l)oi{i(‘s, vary verv con>i- 
derahly in ilu* degree of’ facility which they rc^])cctivcl y oiler to 
the motion?? of the electric fluid: eoj)pcr iffleriiig the greatest faci- 
lity of ar.y known l>ody, and lead, or iron, perhaps, the lea>t ol‘ 
:i!iy of the metals. But it would he impos>ihle. in the present condi- 
tion of the science, to give a corria t table of the various degrees of 
facilit3^ wbicli dilferent bodii\s offer to tlu* motions of the electric 
fluid : for although much has been attempted to he done, and 
imieh piore pretended to have been done, in determining so im- 
portant a particular in clectricivy, jl is lamentable in the extreau* to 
have to acknowledge that but verj’ little has absolutely been accom- 
plished in this interesting inquiry. 

Those bodies which ofl'er comparatively great facilities for flic 
motion of the electric fluid, are usually called conduelors ; and tliose 
which offer the least facility, being .supposixl to present an absolute 
resistance to the motions of the fluid, have been called non-conduc- 
tors. Now, as the terms co//dac/or ,9 and noli-'Conduclors of electricity, 
are well known from ijicir long use, and as I am not disposed to 
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attempt to supplant by others, any lamiliar technicalities, such a^• 
these, which have been of consich'rable benefit in the promotion ot 
the science, 1 can find no objections to place ])erore my readers tlie 
following tables of what has been eonsideiXMl conihiciors and non- 
coiuhtciors oi' electricity, which I find in Mr. Singer’s excellent 
“ Elements of Electricity” 


( ONDUCTOUS. 

All the known metals. 

Well burnt charcoal, 
Plumbago, 

Coneeiitrate<l acids. 

Powdered charcoal. 

Diluted acids and saline fluids, 

Metallic ores, 

Animal fluids. 

Sea w.iter. 

Spring ^^:lter, 

River water. 

Ice and snow. ^ 

Jiiving vegetables. 

Flame, 

Smoko, 

Steam, 

Most saiine substances, 
Rarificd air. 

Vapour t»f alcohol and a tlier. 
Most earths and stones. 


NO\-Ci»M)t:rTOKS. 

Shell-lae, amber, resins, 

Sulphur, Wij\, jet, 

(ilass, and all vitrifications; talc, 
'I’he dijunond, ami all transpareiU. 
jeiiis, 

H;i\v .silk, hlcacluMl sil ,dye^d silk, 
Woo!, htiir icalhia-.s, 

Dry ]>aper, parchinenl, & leather 
Air, and all dry gasiN, 

Raked M’ood, dry vegetable Mib. 
stances, 

l\>rc*(‘lain, dry niarl)le. 

Some sdici<uis and argillaceous 

«.St(MK'S, 

('amj)hor, eiaMie gum, lyeopo- 
d ill in 

Native carbonate of barytes. 

Dry chalk, lime, pho.s[)h()n)us, 
lee at — 1 of’ Fahrenlieit’s 
tlif rinometer 

Many transparent eryst.ils, when 
! perl'eetly dry, 

I ’fhe ashes ol‘ animal and vegeta- 
ble .substances, 

I Oils, the heaviest appear the best, 
Dry metallic oxide.s. ^ i 


Mr. Stephen Gray, a pensioner of tlie (’harter House, was the 
first person to discover the comlueting ])ower of metals, and to 
ascertain the great difference, in this rc.sjieel, between a metallic 
wire, and a cord of hemp, or .silk. 'riiis discovery was made 
on the 'id of Jidy, 17^1h it was perfectly accidental, and occurred 
from the circumstance of substituting a metallic wire for the sus- 
pension of an cdcctrized body, in lieu of a silken cord wliich had 
broken. Dr. Prie.stley, at the suggestion of Dr. Franklin, .seems 
to have been the first jihilosopher who undert<»ok a series of experi- 
ments, for the purposes of a.scrrtaining th(‘ different d(*grees of con- 
ducting power possessed by different liodies. Several other philo- 
sophers have also paid considerable attention to this subject, 
though, as I have before stated, little more has been accompished 
than the ascertaining of a few general farts : for there still remains 
much difference in thc^lables given by different authors. 'J’hc 
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following tabic is taken from Cavallo’s 'K'ompleteTivatisc of 
Jvlectricity,** iind edition publislied in 17(S2: — 


CONO?JCTorLS. 

Gold, 

Silver, 

Copper, 

brass, 

Troiij 

'fin, 

(Jui<*k silver, 

Lead, 

Semi-metals, 

Auinnl ami vi'getabie 4‘harcoMl, 
Hul'ls of the hiiiOMii l»ofly. 

All fluids, (‘xeeptinj.*- air and oils, 
'file eilluvia of llaining bodies, 
lee,^ 

Snow, 

Most saline substanees, the best 
being metallic mi!?:', * 

Sf>il stoncy substanee-:. 

Smoke, 

'file vapours of lua water. 
Highly attennal(‘d air. 


Ibolcssov Cumming, in lii 
jnial of Electro- l^ynamies/’ 
ducting powers of metals - 
Silver, 

• t^onner, 

1 .ean, 

Gold, 

brass, zinc, 


5 NOV-eoNnUCTORs. 

; Glass, and all vitriiications, even 
those ol’ metals, 

All precious stones; the mo'll 
transparent llie best, 

All rosins iS: resinous eomp(iunds, 
Amber, 

Sulphur, 
baked Wood, 

All bituminous sii])Ntanccs, 

' \V;,X, 

, Silk, 

( 'otton. 

All dry animal substaiua's, a.*i 
fe.itluTs, wool, Ii.iir, vS.'e. 
Papci'.^ 

\\ hite sugar, 

Sugar e.nulv. 

Air, 

Oils. 

C;d(‘e- oi* metals, 

'fhe a.shes of animal :\\vA vegeta- 
ble substa. nces, 

All dry veii;elable substanec’S 
Ab li;iVd .-tones, tlic barde.4 the 
be.'-t. 

translation of Demonferr^md’s “ Nla- 
jiives the following table of tlie eon- 

r' O 

• 

Tin, 

• , IMatina, 

Palladium, * 

I roll. i 


It w’ould be useless to give any more tables of the eouducling 
and non-conducting }u)wcrs ol' dilferent kinds of matter, as tliere 
are no two tliat agree in every particular. l‘A>r niy own part, I 
am of an opinion tliat all bodie.; are eondnetors more or less, metals 
being the best class of conductors, and vitrions and resinous sub- 
stances being about the worst Much, how'ever, ulll depend u]>on 
the* e?ctent of the electric force employed, and . much again upon 
the length of tlie bodies upon which that force lias to operate. 

When any body in a state of eleetrizalion is supported on a non- 

* According to Achard, icc conducts the idcctric. fluid whilst it rcinaius abuve 
a certain loin])craturc, but is not a conductor holow that trmpcraturc. 

+ Til all tl'ft.Hc tables, those bodie.s •.vluVh me lir >t iu llu- li-il, :iU’ iv't 0 • I’C^-t oi t!ien 

Kuiu ; lUjU iht' (,»Uirr9 take rrecedeu* e ef all those below (beiu, 
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conductor, as by a ^lass stem, or suspended by silk or other non- 
conductor, it is said to be insyfa/ed, Tlicrc are many other tech- 
nicalities whicli I bball have to as I proceed, but it ^vill not 

be necessary in tins place to introduce any more than those already 
mentioned. 

Tlie motions of light bodies by the action of seahng-wax, glass, 
&c., already noticed in the last lecture, are phenomena of a higii 
interesting character, and arc a porlifui of those which imist neces- 
sarily be regarded as ot' an elementary character, independently ol‘ 
a knowdedge of which no plausible liypothesis ol ek*ctri<‘ity couhl 
possibly be f'ormed : on whicli account it will be necessary to 
recur to them again, and to jioint out other experiments from 
which similar results may be obtained. Ihit it miisl not be ex- 
pected that Irecaiise tire results, Iry various inodes of experimenting, 
are similar or «)f pr'ccisely the same charaettT, that they should be 
of ])recisely the same extent, or degree of j)o\ver. I'he light ema- 
nating from tivo Imrning candles of dillrrent diinensifuis, may he, 
and generally is, of precisely the .same eliaracter, but the inlen.siti/ 
ol‘ the liglit, from the two sources, may be very different: or, wc 
may say, the quantihf of light proceedingf froin one of the candles 
is very difieroni to the iinanlitit of li^ht jrrocceding from the other. 
If' similar reasoning be a|iplied to the display of electrical phcrio- 
ineria, we may easily un<ler^taiid thirt, notwithstanding tlie identity 
of tile <7n/7Y?c7< r of the motions pn.Mluccablc irom differ i‘nt sources 
of electric acticn, the cjuaiitity or intensity of those motions may be 
very (liUcront, And as sonu* .sources are sufhcieiilly vigorems to 
put into molum bodies of' a con.siderable magnitude, and others so 
exceedingly feeble as to vecjuire the employment of the most deli- 
cate ap))ara.t«:s for tlieir <]ctectioii, it will be m^cessary, before pro- 
ceeding to other experinit^nls. dt^scribe .siich in.slnmuajts or 
picce.s ol a])paratn.s as may be wanltd for carrying (in tlios(* expe- 
riments with which >vc ought to be made familiar as seton as 
jiossible. 

‘ d1ic instruments wliich are usually employed for the detection 
of feeble electric action, are crJlcd c/eefrn, scopes, of which we have 
several forms. "i1ie simplest electroscope, and one wdiich may be 
frequentl}’^ emjdoyed, is HH^rcly a single fibre of flax, silk, or any 
other such flexible aitiele as will bend to slight electric forco.s. 
7'he fibre may b<‘ supported in any manner you please, so that it be 
pcjrmitled to hang fic ely in a vertical direction. Fig. 4, pUile vii., 
is an electroscope of tliis kind, where the fibre f is supported by, 
and hangs friaOy from, the wooden stem ,v. Having rubbed a stick 
of sealing wax against the sleeve of your coat, pre.sent it to the 
lower end of thtr .suspended fibre, and you will see that it bends 
towards tlio sealing xvax ; and if you bring them sufliciently near 
to each other, the fibre? will adhere to the wax for some considera- 
ble time. In this experiment you have an electric of/mrf/o/rex- 
hibited as decidedly as by the motions of the pieces of paper in the 
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former experiments: but if the fibre be not very dry and warm, 
you liave not that jumping to and fro, as with the pieces of paper, 
for the fibre of the electroscope clings to the wax witlnuit leaving 
it, till the electric fort'c is so f:ir exhausted as to be no longer able 
to hold the fibre to the surface of the wax. The action wiil, iu 
many instances, continue a long time, and by paying attention you 
may observe the fibre to change places on the surface of tin? wax. 
and this very frccjucntly, if you accommodate the w ax llic uujlions 
of the fibre, by moving tlie former so as to facilitate tiic niotituis of 
the latter. If, however, the fibre be very dry and soniew liat w arm, 
it will sometimes recede from the surface. of tfie wax, in the same 
manner as the pieces of paper, and w ill lean tow ards the stem s, 
if v«;ry near to it, and even strike against it, ai:d after remaining 
attached to it a short time, W'ill again return to the waz : and re- 
peat these nu)tions several tiim*s, till tlie electric force is too far 
exliaustcd to produce them any longer. 

1 will not detain you, in this place, with an explanation ol‘ the 
cause of the electrosco]:)e fibre continuing to be attached U) tlie sur- 
face of the excited W'ax. iindca- some ciiaaniistanct s, anti liot under 
othtu's ; because I am •desirous of* tirst making yon acquainted 
WMth the structure and metbod^ofusing anotlicr simple electroscope, 
wJiich will exhibit the principles upon wJiich they are tbiiuded in 
better perfection, than by that made of a siiiglc fibrt*. 

Vig. a, plate vii, wdll represent the f<.»nn of a very simple electro- 
scoj)c wdiich may be used to great :»(ivant.!ige in some eleclrit* in- 
tpiirics. It consists of a glass stem fixed in a wooden foot, and a 
prtijectirtg horizontal brass w ire arm. tcrminaled w ith a small bi’ass 
I'all, When the foot of tliis inslnnncni is ma(h‘ ol‘ nicely lurneil 
and })olislied mahogany, and the brass ;ivn\ and its ball '^ell polidK'd 
and lacquered, the iiiNtrunicnt assumes a very pretty appearance. 
Over the farther end of the horizontail arm is lumg a flaxen fibre, 
to each end of which is nttaclu'd a very small ball of tlu* pitli of 
the elder, the glass stem ofthis instrument is a non-conductor, 
it is incapable of carrying edf any ol* the electric action of the h'»- 
rizontai arm, or of the filires and their balls ; and as the atmos- 
pheric air is also a non-conductor, all that part of the instrument 
which is supported l)y the glass stem is insulated. As, however, 
glass has {I great tendency to collect moisture on its surface, the 
stem of this instrument must be kept warm, and occasionally w i])ed 
with dry cloth to ])reserve insulation as far as possible. If the sur- 
fixee of the glass be covered with a good coating of lac-varnish, tlic 
insulation may be maintained fora long time w ithout much trouhlc- 

Let us now again excite the stick of sealing wax, and afterwards 
present it to the upper side of the horizontal arm of the electro- 
scope, fig. />. The pith balls will diverge from each other, as re- 
presented in the figure, before the wax conics into contact w ;tli tlie 
metallic arm. But if the Avax be withdrawn without touching tlie 
metallic arm, balls will again colapse, and show no electric 
action. 
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Excite the Wax again, and bring it into contact with the arm of 
the electroscope, drawing Its surface over the arm. The pith balls 
will diverge as before, and will remain divergent, even when the 
wax is withdrawn. And if the room, in which the experiment is 
made, be dry and warm, and the air perfectly still, the balls will 
remain divergent for a long time, even several hoursr But in aM 
cases the divergency will gradually lessen from the first moment 
that the excited sealing wax is withdrawn from the electroscope, and, 
eventually, the divergency entirely disappears. Precisely the same 
kind of phenomena are displayed by the action of any excited body 
whatever, y^rovided its electric forces be sufficiently pow^erful. 

Hence you may emydoy excited glass, amber, sulphur, paper, 
&e., in your experiments with this instrument, ord the j)ith balls 
will diverge with each excited. body. Dry writing pajier rubbed 
with indian-rubber, becomes liigldy electric ,* and so does coarse 
brown paper when (Irawn quickly between the coat sleeve and a 
woollen table cloth ; or between the coat sleeve and tlu* trousers. 
When tlie ]>a]ter is.nuide ])retty warm l)cf'>rc the friction is given to 
it, and tlie knuckle presented afterwards toils suvf'ie<’, a crackling 
noise will be heard, and sometimevS «parksS\ ilMxsts^ecn between the 
knnckle and the j)aj)ei. 'J'his ex^ierinient answers best during 
frosty weather. Similar pluaioniena may be yirodiiced by stroking 
tlie back of a cat. Puss often becomes uneasy by this treatment, 
and the hairs of lier back and tail brush out in a very strange 
manner. 

I must now bring forward an experiment the results of which 
are something ditlereiit to any I have yet offered to your notice. 
Excite the scaling wax a.s before and draW it o\ei the arm of the 
clectroscoyie fig. o, and when taken away the balls will remain 
divergent. Again excite tlie w’ax, and again make it ayiproaeh the 
arm, on the upper sidt', but \vithout touching it, you will observe 
the balls separated further tliaii before, but as you withdraw the 
w’ax again, the balls will fall to their former position. The balls 
may be made to sc|)aiate further from, or approach nearer to, eacli 
other, for several times, by alternately advancing the excit(‘d w ax 
to the arm of the instrument, and walhdrawu’ng it from it. If, after 
the balls have been div^ergiait by the first application of the wax, 
tlie latter be again excited and then presented tow^ards the balls, 
you will observe them to recede from it: and with a little jmictise, 

you may deflect tlie balls from the wax in any direction you please. 

* 

Kkrata. — r«ge JflH, in the bojuliiip of urlioli* XXV. for“ Van Kobell,*’ read 
^‘V^on Kobe 11 : ami tho sjiino in tlu* tunulinij^ <it Uu*. top of oacb loft luuul pa^ro i.»f 
that artirk*. IVmo b of that mfirle, for “ n-ad “ on — Tago MM), line 

2, ironi bottom of pap*, f‘»r “ Domorara,” nT*.<l “ Dainant.” Sauio first lino 

hi the note, for ‘‘end” i<’ad “and.” In tbo artiolc “ Klortrotvpe,” in joi^o.s 2tV7 
and 238, alJ Uiat part which U below Mr. f'artxvi i^bt's IcUor iu 23«S, is t<i 
be read after the word “ at the end t>f tho third paragrapli, page. 2;i7. 





ELEC r n I c I T y. m a g n e tis m, 
AiVV rn EMASTUY; 


.\M> 

(r»Uitrtiiiiu of €.vpct1mcut*t) Science. 

.n i.y. iMio. 

— IfpjHni it/'lJic Coiimnth'c (ipiiiiiiih'.il III/ /he Admivaltij lo 
ixaiiunc. I ho rtaiis of I Coiiduclofs. oJ‘ W. iSxdK 

ll\Riiis, lv(). V. l\. S. and (Uhars. A brkl;4iHl. 

VW'bt'ii ijcforo dof.iilMiij’tliocuM's ^Oli('llhil^'oboen 

brou; 4 'ht. ix't'iH't! IIS, tliai' wo do not coiiNidiT it, to i'rdl, within the 
pvOviiUH' ol' tlio presold report to I'lit or into the aeiioral tpios- 
lioti oi the ellieaey ot'eoiidiietors in idlordiiig protoelioii agtiiilst 
liie iiijurioiis oiroel:; ol lightning, as thU woiihj lead (w an 
mvestigatioii of tlio first, prineijilos of eicctriiral action ; and 
the lad of tliei,’ ellicac} may be (im.-'idored to ho established 
In voiid all doubt, hv tlie oxjterioneo of the hist. SO years, and 
ihe inianflnous opinions of seientilie men of all countries. 

\Vith ri'h-renee t<» the lirst point lo which their l.ordsliip.s’ 
incinorandiini directed our altention, viz,, “Whether, incases 
when' ships lot haiiiig ligiiiuiiig conductors have been struck 
by lightning, it ap|iears that, other ships in company Inning 
coudiietors have not been struck, or liave escaped injury ? " 
we bcg’to adduce the follow hig cases : — 

1. In Idlo, 11. M. S..Norgt', was struck by lightning at 
.bimaica, and lost her maintop-mast and topgallant-mast, whilst 
the Warrior, fU whicli was lying close to her, with her coti- 
dticlor np, reci.'ived no injury, though the electrii; thiid was 
ohsevvod ahsohttoly to stream down it. Amongst niauv other 
.^iiips which were in Port Uoyal Harbour at the time, none 

reecived any damage blit a merehani vessel, wliieh, like the 
Norge, Inuhtio conductor up. 

\ on. \'. — No. ‘if), (Wy, 1840, 



2 


Mr. W* Snow lIaiTi/i> Lujhtintuf Omdtiriins. 

"2. In 18"24, IL M. S. Milford, mIhLsI in ordinary in 
llamoazc, was struck by lightning, and the foremast and 
foretop-inast (both \erv small spars, for the purpos(? only of 
making signals) were shattered ; she had no condnetor u]). 
The C.'aledonia, of 120 guns, witli her lower masts in, and 
her conductor up, was Iving about 80 fathoms distant, and 
received no injury. 

.‘k In 1 824, H.aNT.S. Pluolon was struck ]>y lightning, and thi* 
foremast and foretop-tnasi were totally sliiv<*red. 'I’lie Adven- 
turer was at anchor within a cableVs length, w ith her conductor 
up, and escaped without any damage, though siijiposed to 

have hcen struck more than once upon that ot'casion. 

4. In 18 . 40 , U. M. S. ;lhna, when coming to, off t 'orlu, 
was struck ]>v lightning, thnu' hcM.\y dis(4iarg(?s dt'seending 
hy the eoiidiicfor, and passing to the water witlioiit liijiiriiig 
the spars. Tlic Madagasc.ar .ami Mos{juil(j, which were in 
eornpany at. the time, and had i](» conductois up, weia^ ri'peal- 
ediy struck, and received eonsidcrahh' injury. 

T). Ju 1837. the (^)eliln ?aiil\-\csscl, in rrineomalee llar- 
hemr, was struck by lightning, and law foremast ( wil bout a 
topmast) was shivered, wliilst IL M. S. V\ iudu'sU'r, at the 
distajico of two cables’ iengtli, was uniujiircd, though tli(‘ 
lightning was seen to pass down her conductor, 

0. In 1837, the l\‘lican, sloop-of-war, whilst on ihcM'oast 
of Africa, was struck by lightning on tlie fmmnast. and lost 
her topmast and topgallant-mast ; I lie conductor was not up at 
tlii^ time. 4'he. VVaterwitch, at two cahlcs' distance, l:ad lier 
( onductor up, and reaped injury. 

III 18ij8, 1I.M,8. Oylon, in Malta II arbour, was struck 
]»y lightning, and her poh*,, foretop-niast, and fonmiast wcjt 
shivered ; she had no conduelor uji, .lud was lying close to the 
'Talavera, Ihdlerophou, and l)oi*l\-vard Sheers, all of w iiich 
ha.d eonduetors up at tiie time, and met willi no injurv. 

These cases have been fully autheniieated. 

In addition to tliese instances of the decided protcctiiin 
afforded by eondiKlors, and the disast rous (onsiajueuccs whicli 
have arisen from the want of {hem, we Ixyg to call th.‘ir Lord- 
ships’ attention to the case of tlie New York Pack(4. 

It appears that on her })as>nge to Liverjiool, in 1827. this 
ship was struk h.y lightning and siistjsim d considcrahle injury, 
'i’ho condnetor was not iij) at the time ; hut the weather cun- 
tinning stormy, it was got out and triced up to tile ma.4 head. 
The .ship was a second time .struck *hy a most sr‘v«*rc stroke of 
(‘lectricity, w Inch fused the chain, but passed into the water 
w ithout committing further damagi*. 

[! would be easy to multiply instances of the haail protec- 



Mr. W. Snow l]arrLs^^ I /ujhtu'uuj CondurlorH, 


rn>n iilVordod by inotallic l>ndi«^s ac oifUnitally j)rc.-ont in sliip-; 
\vhw\\ bav(' born striu^k ])y li;:»ntninL% as woll as oast\s iii which 
: ships bavo oscapod injury by moans of a. conduolnr ; 

inanv siK'h liavo inani adduced in iwidonoo b(‘tbr(‘ ns: hiu 
fh(‘so (*as("^ ap])lv rallnu’ to the ^u'nt*i*al <|iH‘.sia!n of iln', a»l\:ui- 
fayc* of <*on<lurlors. 

Ihidcr this head of th(‘ Koport, li/>\v(*vcr, \v('. may pi'rhaj'- 
1)0 allowed t<i state to their Lordships the rt'snlt of oni' 
i;n|uiries with regard to i!ie e(»ninw.>n pn‘ju'.!ie(», tlu:t f'omiuct or>. 
])a\e tile po\v<n* of ;Uti-actin*j a. ihu-h of liyditniin:, w hich in tlicir 
;d)s('n(a‘ would iml luui' faieWi on the ship in wltich th(\v an* 
liiti'd. 
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hliiher masts Mill ( nniluc;c-r;> r.;; : ami in the in-tanco <n‘ the 
( oeliin tiink-\essel alone was the clemric ilnid (»l>rer\od lo 
il.'.‘S('('nd on the ( onductoreh* tl»e chip which w;:s lyiny near la. r 
flhe U luehest . r ), tlnis aiiordiii'* evidiecj,-.', either of the httie 
inlhienec' exerted hv eondiietovs in iiuliii Iny or asiTavtin/j an 
e\j)l<.)sive diM liaryo. or of their enii'^icy m harmlescly an*! ini- 
pereeptihlv eon\(‘yiny tie' ef''.nrii'ii v to the '»'.a.t<'r. 

As the ol'ieetiou of the atl>aetive ]>ower of eonducior-* ha- 
]>een hroin^iit forward hy the Sur\e\or of die Na\y, as esjie- 
(hallv applicable to tiiose of Mi\ isarrisV liriuciple. ii is riy^iii 
to sta.te, in addition to tlu' ('a^^es aliovi»*nient ioiied, that with 
regard to Mr. Harris >, no fails have come under rear know- 
IciU^e w'liii'li would haul us to coineich' in his ojnnion*; luil on 
the eontrary, amongst flic sevt-ral ships fitted on Mr. Harris's 
plan, which have for many year*p past been employed in tro" 
pieal ( limales, and were exposed, as statml by tlu'ir (*om- 
maudinj*' oHieers, to \ery s:e.\ero lij;htuini;-, wi‘ have fomul yriMl 
diiliculty in ohtainiinj^ direct evidence of their liaviny heen 
struck at. all; and in two or three instar.ees onl\ lias the fact 
been satisfactorily oI)ser\iHl, and no ea^' of hecii 

ri'coriled. 

Professors l/aradav and •Wheatstone liavc been < on idh d on 
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this point ; and it is their uncMjuivor-.il opinion tliat condnotois 
possess no inherent property <>t’ attrac'ting or invithii^ a <11^- 
charge from a. cloud at ailistance. 

If there ho a projecting object, like a mast, within a mode- 
rate distance of tlie])oin! from v\liicli the discharaar tak(‘s place, 
the electricity will descend by il, whether iitte«l with a con- 
ductor or not, as atlording a line (4’ less K'sistanee than it 
would meet with from tlie non-comliif tina pia^pertv of the air. 

'The radius willnii nliicli it has he<m considered iViat a c.on- 
dnetor will determine or conduct the electru'iiy is double its 
own length, provided the <iis('liarue lakes ]>!ace viithiu that 
space, hut it has no jtower to (‘aiise the diseiiavger tin il;t' 
contrary, “at all tiiin's its tend'ency U to draw otriln* clcctri- 
citv from ihe ntinosphen\ and tin rchy dimini.-h ilie lia]>ihi v o- 
an explosion.” 

In concluding onr remnrk«^ on this first head of the lfH}uir\. 
we beg to oh>erve that e\ery searr*h has Ikm'u mad(‘ for r*as('^ 
of injury siistiiitied by shij»s fitted with conductors, aud though, 
several stalemetits to that (‘Meet have' he(‘u hrougiu under ou« 
notiee, not om* has been suh>tantiatt'd. 

And no instanee, so far as \v(' an* aware of, lias evci 
occurred of a ship snstaltiing injiu v wlien struck by llghlning 
if the condiu'tor was nj) to the niast-i)».*ad, and the coniiimitv 
nnintermpted to the water. 

With refereneo to the seeond head of the impiirv . natnely : 
What conductors liave been n^ed iji ship.-, either of th.e Nav\ 
or in those belonging t<» private met chants? we beg to .stall*, 
that the eondnelors vvhicli have liitlierlo been in the \a\ \ , 
consist of a copper chain, i-ompo.-NCil of rods of ahoii. two fci't 
in length, and -17^, or about one-sixti* of an inch in diami'icr, 
with an eye at each end. d’hese bars an* linki'd togi'thcr hv 
rings and the conductor terminates iii a rod •f tlu® same 
dimensions, which t.apers toa })oint, and is made with a turii 
ill it near the base, to receive the li)ie U) whicli it is attaelted 
througliout its whole length, for stojiping to the topgallant 
backstay when triced to llie mast-hi‘afi. 

It sh^ulil he observed that iln.'se conductors jii’e. not issiu'il 
to every shi]>, hut only supplicil vvlien demanded, and one 
only is allowed. • 

A chain ol similar lorm, compo.sed of eitluT copper or iron, 
is said to be used occasionally in merchant vessels, hut wo: 
have had no opportunity of inspecting ontu 

In the French Navy, a mc.taMic rope composed of mixed 
metal wire, is attached to the mast-head immi’diately under 
the truck, leads down to the top-gallant, cross-treixs, and 
theiieo by the topgallant backstay to the chanii(\(,and descends 
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into the watt'r. A coppor spiiidlo of ai)ont. f»M't. in UmilmIj, 
tn]K-’rin<i: from an iia ii to a pi/mt. is sf^rcwi'd into tin' m;isi- 
h('ad, nine inelic's of the npjuT cmd heio’j hanl*'!ied nri«l 

This di'seri|)tioii \\as ohlained hy Mr. f!)r('in;ei cf 

sliipurii'hts, at ( ’iiatham .Dta'ky.ird, from th.c rnTKcrs of tiitr 
I'rencli iViyale ralxjiso, in |s:i2, \vln‘;i niuhT re|);:ir. A 'pitwi- 
of it was prfaiiK'cd for onr in.sp^^i'tion, (Mm»posod of tin(‘-‘ 
strands of (‘iyhi w irrs (‘aoh. mitl lou a ’Hri:iL> o.nn-oiyhllj and a 
iialf imdi in oircinnhrrenc'e. 

Ml*. lliiri*i-\s ('ondiN-tor'^ wiiit h h;r. e tilled for trial ie. 
ih'e ships named l.unow ' , are (miposeil of I ])l,‘i:e- of eopja !- 
rivet!'*(i toyeliicr, so as to form an elii'-li'’ and coniiniionr- line 
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hnye. anri tile s(ji)je('t will (h>en.-a'd in (hi' sequel. 

'rih"'t‘ plains are in-int('(lin <1')\ etailed er<);)\(‘f-, in ih.e aiVer 
pari of rile inasls, and extendi from t[u‘ trnek to liie keel-on:, 
a eoppm* of lee ^am(.^ dimenr-lon-. i.-; led over tlie cap;;, 

a.nd {he eontlnniiv i*- pi eserve-d at ill! tinie-' oy ii tumider on 
the caps. ( (insist nil:- of ;i .'^ilort » opi.»er har wiiti a liiinre at the 
has<x 1)\ V, iiieh it h^ai.- injidpisr the ('ondnet'T of the l<;)ini;istn 
uiu'llier ild,de<l (»r hon.'cd ; .‘iid t heir lot dship.- will peret'ivi* I.k 
ri;f(‘i'(Mie(‘ to the driiwimjs w liieh aeeompiiny th" .\p[>('ndi\. 
thiit ii slop is jdaced on thi' exterior hv which lln‘ tinnhler is 
priwenti'd from faliiinr backwards. 

(. (»ppi'r p!at(‘s of <‘i|ual dimensions to ihie>'‘ (r,i^ the lov^er 
masts are (daecd ondm* thi» lieels and steps of the masts, and 
ari» Ihenet' led idont: the keelson .in ( onuiet with the edpraw 
fastenings. 

[n ordci* lo insnn» (annuAion with tiu* e»'|i])er sln.^athinLu 
l)olt-5 are driven transversidv throiu»h tin' keid, so as to me<’t, 
iliose passiniT dowr» from the kei'lson. 

('op])i‘r ])l;ttes are likewise led alony' iht* underside of tin* 
hi'ams of the hover and orlop (h'eks to the prineipa! eoppi r 
fasteiiini>:s, and idtimatc'ly terminate in the sheathiou’, tlu'rebv 
comhinin;;- all tlie ehief masses of metal in the Indl and spars 
of a ship with ih.e eondneiors, find aiVordina hv means of its 
ultimate eonneAion with the e<»pper slnxitliina a \asr surface' 
in e.ontaet with tin* wai<*r for llie dis[)i'rsion of the elei'trieity. 

^^’ith relen'iKa* lo the third head of the iinjiiirv, nann’Ii : 
What the ohjeetijins are to flu* eontluetors now in usi*'.’ we h(‘- 
to state, that: the e.hief objeetionsof a praetieal natnn* whieli 

* Acl;p<in, Asia, rnaole, llrlviiU ni, niaiulio, l alrdoni.i, Or\nl, f>n\ut, 
rortc, HevniLlOy/Saiiliiiv, St. ViiuTiit, 
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lirive boon urged ai;'aiii; 5 t tbe coiinnoii rhniu eondiictors, are 
that nul ilxUirey, tlicw are seldom ready when re(|uired, 

are kept packed in a box, and usually j^towtul away in tlu‘ 
sture-roonis, and wlien thunder squally arise' suddenly and 
uncxpe(*tedly, as tVe(|nently nc('ur>, ('speieially in the tropics, 
the damage is done to the sliip before they am be got out and 
triced up. At all times there is <langer in trl('ing them iqi, 
as it is usually deau* \\1 umi light uiu**- is aiU icapat ed. 

Ill ISIM, on board the 'riiunden'r, tlie men luul iu»i Itdt the 
conductor live st'conds when the liglitiiing desccndeil w ilh ex- 
treme vioh m*(* ; ;iu<l in one instanc e, on hoard a vessel in the 
mouth of l)ie .Missis.ajroi, several mcjt Wi rc' struck dead at the 
moment of lioisfmg (lue u.p. 

5ii dark nights ric* dillicmlty of tricing tlu'm Uji })rop<‘rlv is 
creat]\ enhama'd, a;id iii hea> y werttlicr, w!u*u mucin needed, 
it has Ix'en ibuiicl biipraeeticahlc to get l!)cm up at all. 

'Tiieir coiV’tractinu \er\ shgiir, and tiie i-ing.s m.t luhug 
wcldc'd togc'dHa'j a trilling stra.in^breaks them. 

(u the event ot a lojimast or to])gallau!.-*niast bc'inir carriv'd 
away the coml.iclur is likely to i)v.‘ lo’t, and at any rate' the 
ship is uu]irote(*ted uiilil it can lic got in, mul trieecl up lo 
anotlior mast, d'his case o^*‘*uried to tiu‘ Jupilc/r. 

As conductors, tlu'ir cajaacil} is not suHici*'iit for tiu' safe 
Iransniissiou of he;i\y dischaigi's «d‘ elecirn-i{\g and in se\cr:i! 
iuslaiK'es ilu* mi'tal has Ijeeu fused or disjointed. d his er- 
cc.vvcmI to tlic Dublin and /Dtjja. 

In sliort, we cannot bat. regard l lie*; n ;is a tcin[)oi’ary and 
inathaiuat(* expedient. 

Jiy not being i)ermam'ntly lixta!, the; s(M.turit\ of the shit) is 
left to the opinion of the conmiandiiigr ollici'r as lo tlieir iilility 
at all, or necessity at the monumt. 

Th('y arc m^t calculate*?! to he applied in all wajatliei' ;in' 
subject all the casualties to wliieii IIk* sliijws rigging is ex- 
posed, and liable to lead to serious accidents In the end being 
broug^it in lioard, the conthiuity interrupted, or tlie end lifted 
out of the wut(*r. 

4. What tli(* advantagci.s or disadvantages ol. Air. Snow 
Harris s conductors, as compared witli others? 

Tbe advantages to be derived from the adoption of Mr. 
Harris’s plan are, the removal at oneeof all the objections and 
liabilities to which the coniniou chain condiu tor is exj)()sed. 

A continuous line of metal from the truck to the water is 
permanently fixed, and if it he fdund necessary to strike any 
of the masts, or one or more be carried away, a safe conduetor 
will still remain. Hy its connexion with the detached masses 
of metal used in the fastenings of the hull, and its final junel ion 
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v/illi 11 k* copper slHMlbiiiijj the iinporbint ;i(l\Tiiit;tj^rs of ‘.rreat 
<'*ip:o‘ity obtniie-ib ;iint (>t‘ rradv means hhv!<*/ rd! 

< iv(*uiustane<'s\ 1'or tlio rapid diHu^ioii (tf tlio ol(‘< iri(riiV over a 
\as! surbK'O ()1 nH‘ta! di contnet Vvitii the water. 

(d'oIVs.-or l'';!rad.;y plated to t!ai c'om-.nil /'vr. Inn! it waslii- 
ojjiuion that *'^1!]*. Ilanis's (‘omirndors mioi {‘verv ( lliat \u 
roui(i possihiv (Mjiua^ive to oeeiir. aiui o'-'lVi'od. i!*) om* di'a-lvim- 
or nbjeelioJi \\liate\c r;" ;i!ul PrnlV>-or \'. l)eat;d.:)!j:.* .-ta'u ».u 
tlial/ ho (‘oiild no (do.jofdion \\fiato\« r lo Mr. llarri.'S 
rondm tors ill a. -'cieniilic point ‘ii’ view 

■\ ('omiriit na* oTiIk* !Joyt‘il Soeiot\'. ajij'ointed in {n 

oMrisi:i(‘r tin* le.orits oi the-j- roijdiu'i ors, as w eil as I )r. 
\\ olia-io)]! and Sir l!u!nphr\ 1 )a\ •■. . ha\o s^;! ‘d their aj-proval 
of 1 he priiieijne of Mr. liar]’!.-*.- pla;?. 

\\ith jefeiaMKa' to tlie (li-;;il\ rnita res of Mr. iJarri.'-'s (-on- 
diietor?-', v.e i)e5.»' to s-at^- that all tin* olijcaaions whieli liave 
Iversi !'<reHf‘dif a:.‘'iin.''t t !u‘ie. !a‘i\ e. to (e.n* irnah'. .■*,{||fi( i( ii{ |\- 

renio\ed !>v the evidenc'e ashiured l){ddre U'"; il will he pro[a’r, 
!!Owe\er, to : late t !j<‘ -e* ohjerl to their I .ord.-hi]).-, with tlu' 
hieis anal <>jii»don< wliieh ln\a' ndliuaiitasl cesr ('onchi dmns. 
'riuMdaieei ion- oiay he divided nndor the h.)!!o\\ inn herel^:- 
L d'lio.-e <dd) -eientihe n:iti:ie. iir, olvine’ prineijiies of olee- 
I rival red ien. 

“J. 'riai.'-'a of a piaelieii! desenption. a.- lemline o> Injure and 
V. ealom the .>pars. 

.‘h Tile indirect ol;j(\-tion on ;H’con.U cd' (‘\p(?n^ e. 

Isi. ’Hieoiidieal ohji'et sens. 

hdrsi. That ?dr ihirrie*- e? »iidn<'i(jr • at i r.O'd t!n^. liusUniuL'a 
d’his a])[>lies iajiirdly <dl eoi;<iiietor>, and, has been a.ireadv 
refuted. • 

Seeon<l!\. i'iiar dan ire r ari.se- from (he -“lateral exiiloslon.' 
Mr. MjftdMi ttohertshas oldjeeied to tlu* i*ondnidors heiny 
h'd ihriM'yh the body of the shi|», on lU'eount of the danyt'rs of 
latcnal explo.sion, vvhii h h(^ eonsliier- nii^ht set lire to thi' ship, 
or iynite the maua/iin'. His hypothi'sis is, ’’tliad wlien a 
diseliaryi' of ('leefrieity passes alony a eondiu tor. visilile sjiar!;.- 
would h<^ thrown oir tVoin (hc^ sides of the rondin tor to an\ 
inotairK* or otlter eonduiditiij: l)ody within a nnalerate dlstama', 
and ])e eapahlo of iyniting iiiffamnuihle stibstaiices." *• And 
that sneli lateral dischari^es would he in iiroportioii to ihe 
capacity and proximity of the secondary eonihudors, wifii 
refennice to the volume of eleen icity pas.siny down thi‘ primar} 
condiKdor.'^ 

Ih’ofessor Faraday stated, tliat ‘Mie was not awau* of auy 
ph(momenoii called lateral disehane, which was not a diversion 
or division oi>the [trimary current, ami that all liabiHtie.s to 
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a (iivinVion of the main rliargo would dcL-R'asc in jH’ojiortion 
to tlio (‘a])abilit.y and lioodiioss of tiic pritnary ('ondudor; that 
in ])i'opov(ion as tho nuinl)or of tlu* niolal l)olls an* coiomolrd 
with tho (‘onductor v.'ould tin; jua^hahilit; of a latornl diversu)!! 

“ It was his opini(iu tliat a inlcrat {hsrlinvLU*- oould not ho 
*d)taiiiod from Mr. llarri>'s (Mmdiuaor, j)ro\ i(h'd iho cni’ilniiit v 
v.’on* not uiton iipioil: and from iho irn'roa? '*d dinn^nsions ot 
th<* plat<‘s at llu* i‘\tr(‘milv, ;ii:d l!o* oofnpli'fo modi* of 

<'onno\icm with liio fasn-niiujs of tiir iiidl,l!n* rlsi'trii'it v would 
1)0 so rapidly diiuHod thni ho douhtod with any 

intoiitnm.d o<mlrn:mo<\ tho maiia/iin* roiih! l)o iyuitod from 
lilt* sidos ('f tho ooudiudor. [!o could not hut a 'pua.1 tu the 
ovidoma* of (‘Xperiouoo to pnot* iho ollioacv and .*'ai‘of\ of i\Ir 
Ifarriss ])Ian ; shijis lilted with hi:, ooiiducror'' had h(*«‘n 
exposed to se\ero heJitniiiir, and tin* eleerrioilv had h(‘on 
hiiown to dosoi'nd by tliom with p<‘rf('(U semritv to i‘\(*ry rhiriij, 
0)1 hoard; nor was there, so far as he could h‘:nu., aiiv instance 
oil re<*ord of lateral ('xplo-iou." 

IVofessorW heatstou(‘ Mated, n I’h r(‘<janl to lateral i'Xplosiou, 
that all th(» (•a>e^ with which he was acapiainhal weix* those 
of a partial diNorstonof llte luaiu. ('urvenl wlmre tin* ciniduclor 
was not of suiricieut ('ajtaeily of couiluction, in whicli (as(‘ a 
portion of the <*li'ctrieitN di.Ntiihiites it.'cll to any lolerahiv i^ood 
eor.dui-tor witiiin a iuoil»*rato distaiK-r-. 

lliis. li» wev**!*, had (.nly been Limwn lf»oenur from a very 
small wire*, and from a (‘.(Uidurtor of the dimen'.ion- proposed 
])y. Mr. IJarris, would he impossiljle, witli sm*h atmospheric 
discharge's as we ari' aijuainterl w din 

^‘The liability to such lateral divei^iou windd he diminished 
in proportion to tlu* means of dill'usion : ami eHusiderini» tlu^ 
mode j)r(»posed by Mr. Harris ior eoimeeting the ])i‘ineipal 
fastening?, of the hull w itli the* eondneKu's, no danger iw'ed 
he ant('ij)ati*d from leading tin* (dt'etrleltv throuiik tlie. body 
of the ship or within a, lew ha't of llu* magazine so long as 
the eontinuity was niainlainedd' 

Notwithslaiiding tliis evideium, Mr. Marlyn Itolierfs snb- 
secjiicntly coinmunicated to the committee that iu^ had made 
further (‘X|)eriineiits on a largpw seal(', whieli fav(»ured his idra 
of the<la]iger to he anticijmt.ed from lateral (*xplosion.” 

Professor M heat'^tone was in eonse(|ueiiee tequesled to 
attend to receive from :Mr. lioherts himself an explanation of 
the exjieriments w iiieli he liad instituted ; anrl we beg to 
subjoin the further opinion of lh-of(*ssor AVheatMune on the 
subject, which lie communicated in writing. 

“ AVlieu ihc known conditions of a good liirliining conduc- 
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are fulfilled, it is pliysically im])Ossil)le lhar. it should 
oeeasioii the least aeeident to the biiildiui>* or ship to which it 
is attached. Wlieu injury does oc cur to a sliij) jjrovided with 
one, it is because tliis conductor is not sudic'ic'nt to carry aW 
the whole of tlie discharge ; the shij) is then oiiiy partiallv 
protec'tcal — datua^e is done ; hut this (laTuai>(' iiiu:':t h(‘ in all 
cas(‘S iiuineasurahly Iadov/ what would have heeii produced ])\ 
the whole disc‘hai‘LU% had it not found a.uy conductor to trans- 
mit it to the watcM*. 'The danif(*r tolx' apprelieiidecl from the 
division of the (lisc'haree niay h(» red.uccMl to almost nothliipr 
by increasiuji' tin* dimensions and cemductiuL^’ powau’ of the ])ars 
<u' plates wliicd) trausmii tin? electricity, and !)y ke(‘i)in;i- L’-ood 
conductons not eoiinceted with it/ our of its iininediato 
^ icinity. 

It iias l)(*en ])ro\e(l hiwond doubt lliaf (‘le(‘tricit\ follows 
*Air licsl conducting padi which \> o|)f.*n To ii ; and tliat when 
it linds a metallic road sullicient to conduct it ('Oitij)Ietelv, it 
ue\er Hies to surrouudine hodi(\-: ereatlx inhu’ior in ccaidiictinij^ 
p()W(M\ , , 

'••The c\})er!menl> of M. iV Koina^, made* in l*'rance, with 
the ei(‘cirica! kite, innnediatoly aft(U‘ Ih’anklln's first attempt, 
mieht satisfy the most timid in this respect. ^ Intapine,’ 
written Ite to llie Ahhe Noilet, * that yon s(‘e sihaUs of lire, uim' 
or ten ban lotu;* mid an iticli broad, which nnnle as unmli or 
more noise than the reports <'f a pistol. In h'ss Ilian an hour 
! ha<l certainly do slieets of i1h‘s(‘ dimensicijs, witlirmt count- 
iuLi; a ihouseaul <;llu'rs of seven feet anal umler. Ihit wh:u. 
;L‘i\es me tlu^ ercaO’st salisfaction in tins new speetaeV* i.-, tlK« 
the larea'st sheets w(Te spontaiieous. and notw ithstaudmu.' the 
ahumlance of lire wITk Ii formed ilnuTi, tliev coiistaiitlv fell or., 
the iu*arest conductinu’ body, 'riiis eonstanex’ i^avi' me so 
much secuilty that 1 did not^fear !•> t'xcite this fire with mx 
discharger, ex en when tiu' storm xvasxiident: and xvlieii the 
ydass l)ranches of this instrument xvito only txva^ feet lonc’, I 
eondu(!led wherever i pleastul, wilhont feelinit the smallest 
shock in my hand, s!n‘et ' of lin* si\ or seven fei*t lonc’, with 
iluj same facility as tliose ofoulx six or seven inches. 

'riic wire of the kite was insulated, and the sparks drawn 
))V a metallic condnetor held in* the hand hv means of an 
insulnliiip; handle, and eommunieatinu' witli the ground ])X' 
a eliain. The liuinan body is knoxvii not to be one i>f the 
worst eonductors; yet because it was txvo feet further than a 
tar more perfect one, it received none of the diseliarge, even 
though the conducting path was an interrupted one. 

'1 he ]>heiiomenoii to which the name of lateral explosion 
has been geiuvallv given was the first ohservt*d hv llenlv, 
Voi.. V.- No. isto. r> 
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more tliaii halt* a ociitury a^o, inul has ])cen Mil)se{|riciilly 
experimented upon by Priestly, Cavalln, and more recently 
by Biot. 

‘‘ I conceive d has no apj>ricatioii to liehtninij; condiictor.s, 
but as it has l)oeii brought forward ns an objection tt) Mr. 
flarris’s plan l>y Mr. Uobm-ts, ii may be luaavsary to say a 
few words respec'ting its r(‘al natur<^ 

It takes place during tin? di?a*hargc of an electric battery, 
lliat is at the moment of tJie union of the positive and negatiNC 
i‘lectrl(.'ities accimud;iied on the (»])])osite C(»atings of the jars; 
no part of these a('cijnnilai('d (det tricities has ;iny thing to do 
witli th(' elFect, which ari.'.es solely from the huhiciion id* that 
Hiiali portion of (dectricity which remains rre-(' on i)nc of llif 
surfaces of the battery or ’ condiictiii>r bodies a.rtaclicd 
then!lo. 

'i'iiis is tin; ex}>laiiat ioji of the j^iieiiomcnon givim by the 
l)t\-t authorities, and, as Biot ohs(‘r^e^, llcoory and experiment 
unite' in demonstrating to us that it is incomparably less than, 
(iie direct discharg(‘. 

“ liven, therefore, were llghtjiing ('onductors liable to this 
lati'jal diiscl'.arge. ii would Ix' easy to prc.'vcnt any materia* 
damage arising from this cause: but alter iitlctUivciy con- 
vsidcriiig the 'uhjet t, and Mr. Kohints’s uhjectiun.-, I a,m still 
of oj)inion that, in \ \ic. ('a^e of liyhtniug conductors, tlie lateral 
(risciiarges tiiat sometimes occur and product^ mischief, arise 
stdidy from the innidlieienc'. of the ('ondmdor to carry oil' the 
wliole c)i the (dectiic ilolrl which emters. as I have above 
slated, and the renuMly tr) wlilch is obvious.’’ 

'The evidence of tluM)>hccrs who had served in II. M. shi[)s 
fitted em Mr. Harris’s plan, ;uul had wiliu'ssed the eilects of 
lightning tlescnidlng by tin conductors, as vvell as the 
absciu'c <d any ra»e, so lar a.- '\s e <'a,ii leai’ii, of kuteral exjilo- 
sson, even Iroiii tlie common chiun conductor of siudi inferioj 
capacity, so f-niv hear on! the ojunions of Ih'ofessors Faraday 
and V> lieat: tiiat we do not, hesitate to state our entire 

eonvietion ol tm* iutllitv (d* tiu* objection on a«'count of 
“ lateral fii.-tmarge.*’ 

Uhirdly. i hai. Mr. Ihiu is's conductors do Jiot aflbnl a 
continuous line ot solid rnehil. 'J’liis objection will embrace 
tlie iiinth (jm^-tioii in tlieir lordship’s instructions, namely, 
“ Wlu'tljor the continuity <'jm 1)0 preserved in all ])rohahh^ 
circumstances, ar.d whether tine danger is not increased iu 
case ot interruptioii oi the co'riductor, or of its being of in- 
ade(piat(? dimensions ?*' 

On this point again we la g to (|uot.e the opinions of Pro- 
f(,ssor;L- Faraday and Whealstom\ 
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IVofossor Faraduy ^lated^ tliat llio condu(/tin«» j)onv<m- of 
dm plates would 1)0 but little dirniiiislied by tlie eoiUinuous 
solidity i>l llie Tuota! bein,‘» interrupted, so long as tlui portions 
of the conductor reniained in contact ; that even supposing 
ibe tunil)lers on the caps wore, through acc'ident, to ])e open 
to the extent of half an inch or an in(*h, no injurv woubl lx* 
caused to the surrouudiug woodwork by the elcx tricit y lea[?iug 
from on(‘ pt>iiit to tlui otln.T ; that rope, or auy siibstam e of 
small conducting capacity, ir])Iac.cd hetweeu the two {joint-'', 
would ptn’haps bi‘ di^stroyed, but the {wobabiiity a[){)eared so 
small of aiiv accid(*nr oc('urring whereby lb(' continuity coulil 
be interriipti'd, that b(^ shoidd ncO hesit c.te to ^ay tlierc' Wfnild 
be no obje(*jion t(j Mr. Uairis’s plan on tli.'d score." 

Professor W^luvitstonc stated, lae was of ojnniots tbr»t if 
ibe coj)]X'r plates of w hu b tl]t' (‘onduelors were cf)rn{)ost‘tl 
were in nic('!i;inical crutaet, there would be no danger of an 
explosive* (iisebarge along rlu' line of junction ; and tliai tli(nr 
ca])abilit\ for < avrying j'H' tln‘ c!eetricit\ v,on.!d be sr) little 
• diininl.•^^,e(l bv a sligju intei ruj)rit)n ol the t'onti]U!;:iis soliditv 

the nu»tal, that tluna' <*c)nhU’oe !io oldeetivn) to them oil the 
ground of htmig hnaned r-f sepmate {)i<e(*cs of eopjier. 

'That the i-ontinnity of tlie eomluetor'' ajj{se:ire(l to be 
sullieimitly [uajvhh'd lor by t!ic turnbli rs *>11 the caps, and tb.'it 
no danger need be antieipaled '•a.ippo-'ing th(‘\ a'* ere onieied 
by accident to llu^ extent 01 an in< h ortw«.>, the t'leel ricity 
would pass from oiu' pcjinr to tin* other witlieeul {h.maging the 
eon t ig no n s Av o( »d \v o r k 

"riunr lor<lsnips Avill ]>(M'eeive h;y n fereni'e to the (V"'eri])ti(*n 
and drawings <jf Mr. Harris’s ]»lai\ th:it e\e)y imMiis luive 
been adop.ted to misure tlie »jr<’st*l'\ atioii of the (amlmuity 
under all |)Ossil)le eireumstanee-', and m iuj ea.-e an niter- 
rii])tion of Any eonseijnem e lifvi'ly to cccur. 

Fourtbiy. ^Idie danger of m eideiiis lo men in r oiUaet Avitli 
the (‘ondnefurs at the moment ot tlie elef't»’ieiry dieenditpg. 

No instance of any aeeidmit of the sort has been known t(' 
occur. 

On board 11 . ]\I. S. licaglcN the light uing was seen to striki' 
the eouduelor, and though it j>ass<Ml within eight nielies <>! 
the {Hirser's head, wlio Avas asleep in his cabin at the time, lie 
experienced no ill elfeets, Inyvoiul being vvokt^ liy the general 
concussion. ^ 

Professor Farailay stated^ that be believed a man wonki 
reecivo no injury if he w ctc leaiiiug against Mr. Harris s con- 
ductor when the c'leetrii'ily (hxsceiided, and that any ('{)iuiou 
to the <*outrary must be only assumjition. 

Objections of a. {jraetical dcscri{>tiou. as injuring and 
\veak<ming the 
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I'lie surveyor of the n:i.vy iintl Mr. lidye stated iliat tlio\ 
Avere of opinion tliat Mr. Harris’s conductors injure the 
spars. 

Wist, "riicit the nails hy which they are fixed sjilit the 
spars; and vvlien tlnj mast^> are strained hy carryinu; sail, the 
w^et might net into the sjilils on the \\e;ither side, and cause 
injury. 

Secondly. Tiiat rlu* conductors weaken tlie spars. 

In SUp})ort of tlie opinion that the nails split the s|)ars, the 
survevoi* of the navy considen'd lu' was horn(‘ out 1)}’ the 
report of survey on the Caledonia s spars, troul which Mi\ 
Harris s conductors lia<l luam strip])ed. 

'The ofticers of Plynioutli 1 >ock_vard si:iti% in llu'ir report 
of the loth June, ISdlt, that ‘"if the <*()U(!uctors had 
been allowed to nMiiain in the s[»ars, there \\nu!d not havi. 
l)cen any ohjection to their re-issue (o the ship or ships to 
wliich they belonged.'’ 

“ d’luit if the ('ondiK'tors had r»oi been rcmo\ed from (ht^ 
ro))gallant-masts and tlying jih-huotn. ‘ the rents txcasioned * 
by tlie nails would not have beer apparent,’ and the necessity 
for reducing tin* .'-pars on account of tluj gn^oves made for tlic 
rcc(?ption of tlie (conductors would iKjt have e\ist(xl.’ “ In 
se\eral instances the injury done to the sinalliM* sjiars may 
be attribiitahle to the gr(‘at number of nails used tor fasUming 
the conductors, and which rendered the small spars of tlu^ 
Caledonia unsevvicMxihle,” 

We beg to observe, howewer, in this instance, that nails 
«ai*e state(.\ to have been used of two iuclu'.s and a half in length 
to fix the cop])er jilales, of only three-sixteetiths of an inch, 
on a spar (d* six inches and a half in diameter. 

The foreman of the Mast Department at IMymouth stat(^s, 
that none of the sjiars of the ypai tiate and f’ort.o w luui 
returxi(*d into store were rendered unservieeahh^ from the 
e.oiidiictors, and in inery instance the plal(?s weri^ as securely 
fixed as when first UlttMlin; that no injury from naihholes 
would over render a rcj-conversion of a spar necessary ; and 
tlnat they would nev<ir be rendered inapplicable for other 
or inferior jiurposes, if the comlmdors were kept in/’ 

The oHieers of the Portsiifouth Dockyard state that "" they 
arc not aware that any injury to the masts or spars was 
attributable to the application of Mr. Harris’s conductors/’ 
Captain Fit/roy stak'd, tliat ‘‘in H. M. S. Heagle, when 
under his command, he had never found the spars split hy the 
nails, and tlid not (onsidm* that they werci likely to be 
weakened or injured hy tlicm, as the nails were flattened at 
llie point, and passed heUveen instead of cuttiuir the fibres of 
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ihc wood ; but allowing su<*h to bo tlio caso, no wet could 
over penetrate if the masts were kept proptudy grists ed/’ 
Secondly, "riiat the conductors wealamed the spars, ( wliich 
embrac'cs the sixth question of their lordships’ instructions, 
namely, “ Whether tln^ conductors of Mr. Snow Harris <*an 
1>e s(» fitted as not to weaken the spars in which tlie\ are 
placed?”) 

Captain I’itzroy stated, that "Mlie copper [)lat(*s apj)eared 
to strengthen ratiim* than w('aken the s|)ars. In Sf) small a 
vess(d as a 10-gun l)rig, t!ie Ileaglis th(‘ spars w(‘rc' found to 
be ii-n])roved rallitu* than injured, and tlituigh exposed for li\c 
years to t-ontinued sm'viee, rho same s])ars remained at the 
j)resent itioiiKMil. in the Ileagh*, with the excepinm (d’ tin* top- 
gallant-masts?’ 

(.'ommodore Pell stated, in proof that Mr. Harris’s r'ondm;- 
t<>rs not. injurious to the >pai>, tiiat alliu* jour years’ 

ser\i(a* tin* Forte was paid olVwith the saTiie masts, top-masts, 
lopgallaiit-niasts and royal-masts. 

(’a])tain tin* H<' 4 i. i:\ (in^y, ( ’ounnauder 1’urner, ('a])tain 
the Hon. '\V. \Vellc.-,ley, and (?ommand(‘r Norcfott, who had 
served in shipt- litted with Mr. Harris's plan, wa^re also 
e(|nallv of opinion tiiat the introduction of the copper plate.s 
tended rallier to stnaigtlien the s})ars. Experiments were 
made to ascertain t!ie [»oiiU in IS:3I, in Portsmouth .Dock- 
yard, uud(*r tin* sup(*rintendence of Mr. Harris and Mr. Rice, 
hi tin* pres(*n('e of several distinguished officers, tVc.. liy which 
it will 1)0 seen that a spar (a jih-hoom) was undouhtedlv 
strengthencil hv the application of the })lates, and tin cc*rtniu 
jiositions increased in stability U]>wards of a sixth : thus con- 
firming tlnr oi)inion.s of the oificers*alH>ve rni*n1ion(*if, who had 
t(*ste.d the fact by experieneq in actual service. 

'I’hirdly. Objei tions on tlie score of expense. 

With roferenee to the fifth point of tln*ir lordships’ instruc- 
tions, namely, What, the comparativi' expense is of dillerent 
<lescriptions of liglitning eomhn tors?” 

'J’he aecompanving Table sliows the cost of Mr. Harris's, 
and the common (diain (‘onductor for each class of H. M. 
shijisP 


* 111 this llii^ expense of llir emumon comliu tui.'- is ojiiitlnl, luil wi- 

biive added this iiifuriiiHtioii from another tabic whiib wo find jii the Appen- 
dix.— Ko. M. J\[. 
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(Mass of SliijKs. 

Ex|K*ns»* of 
fill in;; oiirli Ship 
witli JIurri.s's 
C'onductoi^. 

t: 

c. 

oC 

roinnioii 

omliirtors. 

No. of Oini.s. 

i £. 

s. .1. 

£. 

S. (1. 

120 

; :j()r) 

17 8 

.‘5 

2 8,'. 

S'l 1 

! :{5(» 

ir> 7 

A 

1 ;i‘ 

7-1 

;n7 

IS (5 

o 

l(i 10'. 

r»!) 

1 2N(i 

lo 10 

2 

i;i 1 1 i 

■m; I 

2:5(5 

1 7 

o 

X li 

'■>'<• ' 

! Hil 

18 n 

1 

10 H ' 

is 

1 I!( 

7 2 

1 

10 H 

i<) 

102 

12 7 1 

1 

1 i> 0 


IVoJii l]jis a('0<»unt il is that a(lo])tl‘.)n of Mr. 

Harris's jUan b;* accompanied with a very consiib^rahlc 

iiicrca.sc of cxj)(‘i]S(\ Init we prop(»sc lo siiow \\\ |]u‘ sciiuci l)v 
what means certain reduction in their (‘ost niay h<' elVected, 
We now l)eit stale, with retertuice to lhi‘ tenth ])e;ul oi 
the in(|uirv, namely, Whether, any other modi* of lixinir 
liy;litniiie; eonduetors does neit jjossess the same oi* ‘>;reatm’ 
advautaijes than Mr. Harris's?’' Tliat J\[r. Martyn Koljerts 
sulnnitted to ns a jiroposition for fUDidin^* ihi^ dangers In* 
eonsidered likely to ari.se on the adoption of Mr. Harris’s 
plan, from the all(‘i!;e(l latcnail explosion, b}' means of a ro])e 
com})osed o^' annealed eoppev wire, to bi* led from the truek 
down the afterjiart of the masts to the lower mast-head, and 
lhyn<*e as baekstay to the copper slieathint*:, to winch it. is to 
be soldered or bra/ed. "Hus plan dilfered only from the l on- 
diictur used in the Freiieiv navy in its mode of ap))lication. 

]Mr. Kdye also submit I I'd a j)lan for obviating tlie su])j)Osed 
objections to Mix Ihuris's ('mfduiaors from tbixr j)assing 
through the hnll of the vi^s.sel, ( insisting of Mr. Harris’s co])- 
per plates as far as the head of the topgallant-mast, for if 
iieiicssary to the lop-mast head), and wire rope* biiek-stay on 
each side down to the <roj)])cr sheathing. 

liefore entering into the merits of ihosc two ])lans of very 
similar coiistrnclion, we cannot but remark on the eireumstanc^e 
that the chief objei i ions urgi (I*by Mr. lildye and the surv eyor of 
the navy against Mr. Harris’s conductors eipuilly Ripply to 
Mr. Edye’s j)roposition, namely, the injury to the small spars 
from the nails by which the copper plates are fixed, and the 
tendency of the conductors to attract lightning. 

Mr. Edyc, in his evidence, states, ‘Mie considers M r. Harris’s 
plan wmuld decidedly weaken tlie spars, and the nails unques- 
tionably injure by causing splits and admitting the wet, as 
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\\i\6 found in tlio ciuso of Hio ('al(M Ionia wliiio liis own pro- 
position is to npply Mr. Harris’s plait's to tin* royal-masts 
and 1.oj)gallant-niasls if llion^dit iioc'cssary, tlu‘.-,o masts b(‘in<j 
tln^ UKtsI liable to the injury he so untiuestionably states nui.-i. 
in his opinion, (*nsue. 

l.h'oft'ssors Faradiiy and A\'hea:st(me wtue .diovvn tlie tiraw - 
inu's anti d(\st‘i‘iptious of tlu'se eondm'toi’s. 

'The h>nni'r ol>ser\et! with regard to Mr. lM\o‘s, that 
ilitwt' was no dt>ul)t that if ihoy tonld he kepi in ih(‘lr ];iaces 
under <dl (‘ireunistau’ces, and the rope v.;:.'-- of suiraieiit eapa- 
eit\ to carry oil* the (‘hnU ri<*ily. tlu'v wonhl ht' etlieacioiis ; hut. 
in his opinltm, llitur liahiiily to deranirtmieut wa.s far ‘.■reaiei\ 
tiii'ir ca}>aeitv It'ss ; !ior u't*rt' they in any one ]u»inl (“tjua! to 
Mr. Harris’s: and h*' sliould nreally j)r('!’t'v the laller.' 

Ih-oh'sstir \\ hoarstone stated, that Mr. .!vly(»’s jilan of a 
eondiK'tor aj)pe;m'd to him to he linhle to all the ('asnalties to 
w hieh tile common <‘hain condnetor was e\]>ose(h li it could 
r\!ways he kept permanent, and the' wire ropes wana* of siiili- 
cient ( apmolx- tlu‘re y^onld he no dooht they cunld lead off 
llu' ehatt.ricily ; })iit Uieir liahiiily to a^ eidtmts was an insupM^^- 
able ohjfuniou. * 

••’Mr. I?oberis’ phrn appeared > (Mt similar to the metallic' 
rope (auidu(‘tt>j’s used in tiie I'lamch navy, and was object ion- 
able on the sanu* eroumis as Mr. halye's/' 

Wo entirely (‘omnir in tlio opinions of the-e Lomtleinen, and 
iiejL*' to observt' that both .Mr. I^oberts's and Mr. lulsafs [)lans 
aj>[)earto ns to bee({uaU\ suliject to all tin.' liabilities to whieh 
tlie riu^inij of a. ship is exposed in eomnnui with the ^diain etpi- 
ducl.or : in the event of a topmast, beiny l arvical away, thesiiip 
is left unprotected, and thus, in tlu' lumr of damper, tlu y are 
liable to liecome ii.>t*les>. 

d'lic^ weff^'ht of tlu‘ win! ro[V\< in Mr. R(]\a*'s plan wauild la* 
a. ^reat objection, espov ially when it is considereil that the 
wliolo of tliis weiirht rests on tin* head of the top^alhint-inast 
alone. 

A w ire rope, of thvoedourths of an im*h in diameter, from 
tlie topi;allant-mast head (on c*:ielj side) of a first, rate and an 
iJ^-gun lirie;, as eompared with the weighr of llieir hempen 
))a(*kstaj s, would he as follows,* namely : 

lliiMi*. Iri-. 

Virsl-rate ; topgallant, backstay ... 'i-Kilbs. dbVlbs, 
18 -u'un brii^ 

And as it. is necessary to pro\idc conductors for each mast- 
head, and tlioir <!apacity must be the same, w hether in a tirst- 
rato or sloop-of-war, the coin])arative excess of woj.iJjht would 
he still greater in the fore’ and mizeii iiiast>. 



1‘) Mv. W. Snow IlavrlVis T/njIUning Coml actor. 

Tn carrying sail, especially in dry weallioi, when the rig ' 
ging is slack, the metal not being nlleered in the same degree' 
as the hempem ropes, tlie strain waudd probably he so great 
on the conductor, as to carry away the topgallant-mast, or tlu' 
wire backstay. 

It has be(‘n proposed lo jdace a globe of glass on the innsN 
head in lien, of a eonduedor, on the hypotluvsi.s (hat, from llie 
non-conducting pro])ertv of glass, it v. oiild s(m vi' as a r('pellaiil 
to lightnuig; l>iit Prt>fes>or h'aradav considered it would 

not he a ju'cvcntive, hut would rather fend to increase the 
liability to an exjdosive and to a uu)re \ioleiit ratiun* than to a 
silent discliarge, and woidd therefore increase dangt'r/’ 

Profe.'^sor AVluaitstone was of (ipiiiinn tliat such a propo- 
sition was an absurd iiotiou, aud would be dangcaous iu tlu' 
<‘xtreme, inducing, in many instances, an e\j>]osi\ (' discliarge, 
whevt‘ a eondiudor mii»lit have silently drawi) olVtlie electric it v.” 

After matundy c(nt.sidering“ the ^e\eral {H)iuts now <liscuss(*d, 
and the (‘videnee, hotli praedieal and theoretical, which has 
been submittt'd to us, w(' art' unanimously of opinion, that, of 
all tlu! plans of ('ondiKdors whi(di we have had under (»ur (am- 
sideration, that proposed by Mr. Ilarrijt allbrds the best rnoaus 
of ])re\<mting the injnrions ellbcts of lightning. 

We now propose to sltow by w!)at imams tlie ('xp(ms(^ (»f 
litting Mr. IJarris’s conductors may l.x' reduced. 

In considcu'ing thi> (juestion, it will he ma.'cssary to divide 
it into three separate heads, namely : 

I'irst, Dimensions of the plates of tlu:^ conductors. 

Secondiv, Abbreviation of tlie conductors. 

And. 'rhirdly, 'V\\e number n'ljuired in each ship, 

h’irst, in ordiT to ascertain tiie h.Ni^ihilit y and sah iy of 
reducing the size of the co|ip(T plat(*s originallv propos(»d hv 
Mr. Harris, it is necessary to eii’bn- into the (juesrion ot tin*, 
mjiiisite diirumsions of metallic njds t(j insurer protection 
against lightning. 

The capability or power of a metal rod for the sah^ Irans- 
ynissioii of electricity is in direct proportion to tin.' area of sec- 
tion or its metallic contents. 

A copper rod, of half an incli in dianuder, has m>ver lietm 
knowni to he fu&(‘d or heati'dVed hot by an atmospheric dis- 
charge of electrk'ity, and thus a standard of sutlieieucy is 
afforded w ith wliieh all conductors may he compared. 

On consideiatioii of this fact, arid the rare o(a*urrouco of 
the common chain of one-sixth of an iucli being fused, w e wu're 
led to conclude that Mr. Harris’s plates were larger, especially 
in the lower masts, than exjunience seemed to recpiire for tlie 
safe conduction of electrical disehargos, aud as their diineii- 
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’.i(>ns varied in tlic' diiVeia'nl, (dasse^i of idiips, and it. \va.^ appa>^ 
renl tlud uhatexcr was reMpusIti^ for oiu* \.a.s ra.-ressarv for all, 
witlioiit refereneo to llu^ of the .'•hip, we de-ired ?dr. i!ieii 
i:» prepiire a tahh; of the eompavat i\ <‘ diineiisirni.^ (if Mr„ 
i larrl'i’s (;i)iiduetors on the st ale f>riLiinall\ ilxed 1:) him and 
lhat jn-opoM‘<l by ns, and Mr. Harris, ha. \ in;: e>:pr(--.sed his en- 
• iii‘ aetjoit j'rcMK'e in the redie tioiw, '.ve hep; to reetjinmend the 
iol iowijr*: seal<‘ of dlnuMi; loie. lor the (t;|)|K'r photvs lor tiie 
oje.as .-Old spar- of slilos of all elas.-t s In tht* I’Vt iit td’ tliese 

vanidiK'iors he!ii‘i- ii::ed in fiitmv in ii. M. Navy, namely: — 


1 .. > i-, M.i M 

re>w(‘r ma-ts ami l>o\^.-prit" - 

'fopnia-MS and jih-hooni- d 

'T'}} ■.■allani- ina.-l.'S and ll\ mp' ii!)-!foe/!n.- d.V 

d'o taper frmn hoinifl-: lo tiia h iVein -tnl} 


i iie p'!al<\s reinainnip of tlie saeniv tliir-v'ie.ss in all, vi/. 
i n a in( l j. 

i hc.-:‘ i-ediu'ti -ns wiii (‘liecr a ctnierien oaian.* dimuni-ion in. 
the exp("nse, and the^relnjv. ra;r ;:e(*onnt sliows tlie ( n.-l of lirtinp’ 
e.-n h elass of H. ^l, .-'hlj*;' t-n ihe .n-alvJ .[)'.)si'd: ^i/>. 
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1 
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V'i 

i^ixtb-rales 
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Sloop.s 
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■>1 

Ibdjjs 

.S7 
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In order lo reniovti any doi.ht a.s lo th.e j eenrity w itli whic h 
th('";e rcaliielions may hci ehcetc'd, we ben to cjiiote the followin': 
oj)inions„ 

l^rofe.ssor l‘\'!rad :'.v stated* that lie liad no doiil)! llie 
reductions of the c'opper plates proposal hy the e«nn;!hi;ee 
could be elleided with entire security. " 


^'oL. V. No. 2:n t/c/Ay, i^ttn 
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Ml. W. Snow lljirvis.s Lhjlilninfj tuiidarlors. 

TrotVi^sor Whoatstoiie .staU'il, that in the Uoport of tin; 
('ommittoo of tlio Acadoniy of Scionoos of Paris, aytpointod 
ioiiivcstigato tlio iitilityofligiiining conductors, il isincntioncd 
lliat tluM’o is no instance on riM'onl of an iron rod of half an 
inch in liiainclcr heing fused or made rcd-lnit by a Ihisli of 
liglitning: and considering that the caj)acity of cojijH'r for lie* 
(‘(oidnclion of electricity was from sis. to eight times gn'ater 
than that of iron, and tliat the a.n‘a of the section of .Mr. 
Harris’s condiuddrs at the mast iiead was ' ld88, of a sfjumc 
inch, and in the lower niasts v.iillst that (jfan hedr-ijc h' 

real was -litTn, he felt convinced lh;it tlu’s uan’c* perfectly sale.’ 

Secondly. Ahlrreviatiou of tln^ coinhictco's. 

Il aj)p(‘an‘d to ns to l*e a ([iicslion of gve;it imjjortanc' tc 
consid('r, wliether l!.ie time and e>:j)('nse of doclsing sliips for 
l!i(‘ ])iirposi‘ of drawing the copp-er holts to ellcct ilu^ nii‘t;diic 
1 ‘Ojitiiiuity with llu^kcclson Ixo'ts and tlie copper sheathing 
might iu)t b<‘ (li.'gimired vuili in t ast's of emerg(MU'Vj wIkmi 
ships were riMpiired to lx* tilled out with expi'dition, and 
at the same time that ihe} might p(,ssess the advantage's of 
lliesc permanent coiiduct(>r.>. \'Ve therefore suhmined to Pro- 
fes.'Ors Faraday anal Wlu'alstont^, \\!x'th(*r suilieient s{.'(‘iirilv 
would he aitorded against liglstning if the eonduetors wrw 
led down no farther than the orlop-decl; in liue-of-hatih’ ships 
and frigates, and totlic lower (h'ck in sloops anil brigs, and the 
niinallie connexion with the cojrpm' shealhingmainlainiMl alom- 
by the 1rans\erse c(g)per bands leading undm* the l)eams. 

W i) beg' to subjoin their o|)!nions. 

• Ihofis^ tu- I'a.iaday staled, t’nal lie is of ojnnij'i! there 
\vo\dd be no i)l>iia lioii to (‘utling oil* tlu^ lower portion of thi* 
conductors, sa\ ii‘c»iit tin'’ lowest viei k, pian idi'd that four, or 
eM’ii only three o! tin.' trails’, er^:;' /'oi'gxn* hands leading, under 
the heariiri to tlie slc'etleng remained, as lliose would 

afford ample mea!:> lor {he disjiersion (.f the eleciricitv. 

‘‘dhere '.vonln l;s no danga r wlmliner from the electric 
discharge bemg’ - Ims dclicctcii at rigid angles from the [xTpendi- 
cular Inie, as it would always take tiie line of least resistance, 
and is totally in(|cja.?:dent of moimmtnm.” 

Professor \\'h(M,t*^^i one stated, that “ if, for the sake of 
economy, Ihe cixidni'lors were carried no fnrthiw than the 
lowest deck instead ol to the* keelson, he was of opinion that 
the transverse copper ]>lates under tlie Ixanns, if coimeiged 
with the cojiper shcalliing by conductors of siillicient capacity, 
would afford ample inean.s for carrying oil' the I’leclriidty, and 
that there could he no objection to such an alteration, provided 
always the conliniiity I'onld he eijually w(*li maintained.” 

'I ne rednetioij in the expense of lifting tlie eonduetors on 
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plan, as compared witli the former account, is slu*\vn in 
the following estimate, viz, : — 
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- lO ill* no ohj 
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o a -afo ox 

pe<lienl in oases oT 

(unoigeucN . Put w<‘ v/ugM Isaj; vv 

•iO.unoud dial die 

eojjjn'r [da.to;:: he t ari'u'd d*oAn ;•) tl'C f( 

ei'inu in all s!ii[>s 

wlholi ma\ lie hiuli or taa. oi d 

in tu' ure. 


'I'fiinlly. 'ria- luiuilxM- of 

eo‘uhie(<ei':* 

ie({Uii’e<.l in (aich 


■lii]). 

M'he (|nest'ion ijI* llie cf liaxlng ('ondiicior*. iUtcul 

{i) nia^t and tlir !)owsprit ut-p(M'ids upon the couiuli'iice 

to h(i ill the sup5]>o,sitl' m that a tauiducVor protcets 

V, ilhni a r.idius oT dmdih' its o\v\i length, a ^’a[)po-'itip\i whhji 
luav he con^ideievl to stand in need ofconi'innatiiMi !>y further 
c\pcviimr.(.u • 

In stormy weather, when aecidetns ;ne most lil^cly t:o oceiir, 
a sliip may ^'arry away a mast* c.ml if ikU. lilted witli a con- 
ductor to eacli, migljt possibly be exposed at a numu-nt when 
protection was most luaMhal. 

Professors Faraday ;uhI WlieatsromMvere (»f opinion, ‘-that 
extrcMue (*ases should be iirovidial for/' and w e w ould tlu'rcfore 
rceommend that the three masts as well as the l)owsprit should 
be always fitted wUli tlie condu(*tors. 

While conednding our remarks on the mode of ajiplying 
Mr. Harris's ('ondutitors, wc. beg to state to tlieir Lordsiiips, 
that tbongli it is our d('ci(k'd ('oin iciiou that no da.nger is to he 
feared from the assumed lateral explosion, yet if it he deemod 
advisable, for tlie sake of ob\iating any ilonbts wliicliinay 
still exist in the minds of some, wx‘ see no objec tion wiiare\er 
to the c*oppor platixs on the fore-mast lading placed on ihe fon^ 
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part of the mast, ^\ hereby ttie inasl itself will intc■r^on^. 
between tlie euiulnetors and tlie iiiauaidne. 

jr now ciunplrteil our r<»uiarks on llio sovoral ])oin(.- 

to wliirli their Lor(lslii[)s' inslnu liniis dlriM'ted our at t(‘utioi5, 
wo irr.st wo havo ^hown, iVmn iho o\itloHoo of tari.-i dorivTil 
IVoiii the ('xpovir-ma* of uKuiy years, as well as hy the ojiiiuous 
not only of st iontilio, l)!it i)rf)rt*s.-ional, iiu'ujlio ollir;u*y of ?vir. 
Harris’s lit’lilnino romluf tors : aitd eoiK-idciin*:!^ iiu* nuuihcr of 
liv(*s \vhi('Ii liavo hiHUi h'st by liyutuin^ ; tlio inunonse amount 
of ])r(jji(M*h' wliif'h lia'-Mx'oti dordrovod. :is shown l)y i\M'. 
Harris, aiul still e>‘'>e»;L;Vr(l wirhoul. atuNjuah* : t!n' 

iiioonMMiioiM'(‘ wiui-li lias aris(‘n, and \< still llalilo to Jirlso, irorn 
llio los/, (,i t hi^ s(‘r\ iof's of shijis at nionicnts of rritn al 

'.Injiortaiioo : tlic dillioulty of procuring- now spars in timos (»i 
war on ]*()V('ip:n "l.-itions, (not to inmition tlu* iiroat o>.])on:o o'. 
way('s .nid \ iotn.ils for tho orows of ships \\hih' ituidon'd u<r- 
loss til! ropaii'od ; \V(» ayr.in boy: t(» stale our unaninio;-. , 

opinion of tIu^ yrord ad\antay:os p«)ssossod by Mr. llavris';- 
(.'(jiuliK tors abo\(* <js'or\ othor |»!an, aHordiny pci inanisit: 
so(*urit\ af all lini<‘<, an<l inidor all ciNunnstanctv-:, ayainsi tin, 
injurious I’tVoots of lijjlilninii', (‘tuudiny: this j>rol<u*l,ion wiiho'u; 
an\ nantu'al iuconvouit'uoi' or sciontilic (dijoctiou v.liat(w or. 
ami we tliorofor(‘ rno<t earnestly rc.'connnoiid their tronoia’ 
.•adoption ill tiu' iu»\al Nayy, 

o have* ts.i\ (siyiKul) 

A. M, viinri riuis, Hoar- Adrnirah 
,Ias. a. (i(U{i)<)N% f?.{‘ar“ Vihnirah 
,Ias. i i.xvKi: JJoss, ( iipl.aiu. 

• , 1 . V\ l)\Min,L, l^vohvssor i»f ( hvunistry 

Jno. I'lNOiiA.Ai, Masbu’ hliijiwriy iit. 



II. // LeUi'.r III ProJ'cssor I'nradujf^ on vnrUiln 'riworvLU ai 
Opinions. r»y ll. M. 1)., rrofcbsur of Chemistry 

ill the University of J^‘mlsylvania/ 

JJoar Sir, 

I have been indebted to Viuir kindiuvss for se veral pam^ibleLs 
euinjirisiii^ your resi'arelH's in (deetrieity, wbich 1 have perused 
yvitli tlui greatest dt'gree of iutercjst. 

You must. 1)0 too w(*ll aware of tb(‘ height at ubieli you 
stand, in the estimation of Tnoai of seumce, to douht tluit 1 


< ‘MiiiauiiieuUMl hy the Author. 
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<‘nu‘rtaiii dlllideiuo, any opinion in o])positlon to voin^-. 

I may i^ay of yon as in a fonncir instance of Pcr/elius, tlial 
you oc:cii])y an elevation inac cessible lo unjustifiablt' ciiiicisuK 
IJmler lliese cii’ciimstances, 1 bopi^ llial 1 juav. from \oii, 
experience llie eainlor and kindness winch wen' disiplavcd hv 
the yrcx'il Swcxlisli clunnisl iti IiL; rc'ply to inv .-ti-iet ores on his 
iioimnKdaturcx 

1 am nnahlc'. to reconeih' tlie laaic! iia;!e wliicli von liold in 
para;.:;ra|)h I d 1 b, with tlu^ fundannmlal [»f)slt!on taken in tibb, 
Ayrecx-ihly to tln^ latter, \(m b-clu'v*' firdinarv India lion to lu' 
tin' ae-l ion o(‘ Cittiilfjttous parlicdcs, con^.i^ tinj of a species tA 

jiolc.rity. insleatl o'\ hows an aediou (»f cither jiarticles oj 

masses at st nsihlc (lisfiinrcs." Aarcj'ohh to the formcix 
xon coiiceixe that, '"assuming a {jerfett vaenum rwis 1(> 
inter\ei:e in the ('(jui-e of ;Ik' liui- of imlotai-.e action, ii 
th'Cs iKil loi!c,\\ iVc-m tln^or*.' lliat t ho liiu' (a* part icli'- on 

opi'.osite sides of sMC'h a \iionnm v.ooid not a; ! iip(m eacli 
edher." Ai;ain. siipposini* --it pos-ihlc for a p »siti\ ••Iv clcc- 
Irtlicd paiin'ic to ho in tin* (i-ntri' of a vaonuin ;ni inch iii 
di;n:u*tcr., n(dhlri;-r in l••y pno-ciU viou fo.I.irU ha: da* jnirdcle 
sliouhl art at a (tisi.ujcc h*alf aui iiu 1} (m o.!l tiio panic], o 
formin,!.!' (he <ii-K of tlic* iniio'/ --iiin-rhcir . df t!ic honndiiiy' 
sjduM'e*’* 

.Lay me; i lies'' tpUital mjo:; h*. idre \ou for re( oii'daicrati.mu I 
hei:* !ea\(‘ to iitqiiir(' liov, :\ p.c-.ili\ols excited jairtichx situated 
jis idxuc dc-scrihed, r*an rcacd, inductrically ' wAh an\ ]K\r- 
licles in ttu' sii j)evtl<M(c. \*i th(' surronmliny sj^iieie. if this 
spt'cii's of reaction veijuire tha.t the partidi's i)(^t\M‘cn which it 
tak(‘s pilaee he ('omii 4 U<Mis. MoreoM-r if indiict.i*n he *101 
“an aclioii c'iiiier of ]c'irticles or inassc's at Si /fsil}/r di-tances." 
iiow ('an a. jiaA iicle sitiKiled as a])cfve di'scrihed, " tfcf at tlw. 
dis1({acv <fj httlj' <ut inch on oj! (he jnirl U fes {brjnini/ (h* disl: 
<)/’ (Mr itnu'r snpi rfioH s of (he iiouniinnj siihvn ! What is a 
sensihli' distance, if Ihilf an inch is not 

1 low can the force thus ex(‘rci.-e(l ol)e\ tlu' ^^well known 
law of the sepuuM's of llu' distanias," if as yem state' (ld7b' the 
rarefaction of the air docs not altc'r the intensity of the indue- 
ti\ (' ac tion ? lu proj)orlioii as tin: air is raridii'd, do not its 
particles hei-*onu‘. tjiore remote? 

Can the ponderable partudes of a gas be dvanued eonrignou^ 
in tlu'. true, sense of this word, under any l iivumslaiua's? And 
it may he w'ell heri' to oliserve, that ailmitling iiulucdiou to 
aris('. from an allet.lion of iytervoning ])onderal)]e atoms, it is 
<liflienlt to eoiu'eive that the intensity of this; allei lion w ii) lu' 
invorsoly as llieir miniher as alleged by you. No sm h law hold,- 
Koocl in the c'cmnninication- of lieat. d'he air in c ontact w itli 
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a siafacc at a ronsiant (‘jrvatioii l(‘niponiturc, j^uch for 
iiiritanco as rai^Iit bt* sup]H>rt(’(l by boiling- water, Vy-ould not 
boeomt? bottcT by being- rar(‘lit‘(l, and eonscijnently eould not 
bectnno more eilieacions in ibe c<nuhicti()n of boat from tlu' 
boated surface to a colder one in ils vicinity. 

As soon as I eojnnienced Ibe })erus.‘il of your rosoarcli(\s on 
this subjeet, it oeeiuTed lo me liiat ibc pa.s.siii^(» of cloctricity 
tliroLigli a vacuum, or a bigblv randii'd medium, as demon- 
strafed by varion.s (*:vj)erlmeuf;-:, ami especially those of Davy, 
was inconsistent with the idc'a. that pomltu’able matter c(»uld 
Ije a, necessarv agent iu the proc<‘ss of eircirma.1 induction. 1 
tli(U'(‘for(‘ inferred dial your (‘flbrts would W j;rii'jaiily diireclod 
t<j a r(’-*examiii:iii(‘n of tliat (|Ucstiou. 

if induclioHj in acting tlirongli a, xaciium, be propagated 
in riglit lines, may not fie* (iirsiiinear dlreefion wbii*}) it pur- 
siu’s. when passing ibrough ‘Mlialcctric''/' Ijo as< rihcd to the 
•‘nodih ing inlbu -Ka^ which tin- } e\ev! */ 

if, as you coma'de, eba-lviHed pai'iir!e> on op|>o.>ite sidt‘s of 
;j. v.'uaium can a(‘t upon eat li otiicr, wlun-eforc the rtaa-ixed 
theory of the mode iu -^xhidi the excili'd s-ui-face (d’ a Leydt'U 
jar induces in ilie oj)po.->iti' surhiee, a contrary stall', ohjec.- 
lioiiaide'/ 

As the tiu'orv vhlch you iiave propo-’od, gives gianit inv 
])Oitauc(‘ to the idea of polarity, .1 ri'grei that you liave not 
ilcjined the meaning which you attach to this word. As you 
ilesiguate tliat to wb.ich yon n'fcr, as a species of polarity,” 
il is ])resiunable that you have c,onceivt*d*of sexcral kinds witli 
whicli pondmabh* atoms may he endowed. I tind It. lilllicult lo 
eouecive (•[ any kind w liicli may he ( apabh' of as many di^grees 
of intensity as the known plKmomena of electricity require; 
esjiecially according to your opinion (hat tin* only diibn*ence 
between the iinid (wolved liy galvanic ap])aratus ami tliat 
evolved liy friction, is due to opjioslie extremes in (plant, ity 
find intensity ; the intensity of (dectrical c‘\citement jiroducible 
liy the one, biung almost intinitidy greati.u' tlian that: wliudi 
can bo jmodneed by the otlier. What state of the poles ean 
constitute (pmntity— what other state of intonsil}, the same 
matter being eajiable of either electricity, as is well knowm to 
be the fact? Wcmld it not Jje well to (amsider how, eou- 
sistently witli any eoneeivabh^ polarization, and without the 
assistuneo of some imponderable matter, any great dillerence 
of intensity in iiidnetive power, can be created ? 

When by friction llio snrfai*e is [lolarized so tliat jiartieles 
are brought into a state of constraint from whudi they endea- 
vor to return lo their natural state, if nothing bo superadded 
to them, it must be supposed that they hav<‘ jioles capfdile of 
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existing in two (liiroront positions. In one of tlu-se positions, 
(tissimilar poles eohieiiliny-, tire nentrali/etl ; while in the other 
])osition, they art: more remote,, and coiisetpieiifly ea})able of 
acting; npmi ofht'r matter. 

lint. I am imaltlt' to imauine any (.•haii;.’-i' whieh can admit 
of jtr.tdations f/i iiileiisity, i/ir/'tei.sh/i/ with I'l'motent'.ss. f 
iiot ftniiro to mysolfany foaction wliir-li inert'ase ol di.-Uim-e 
woitld not les.seii. .'jiteh can T eotic.eive that sn- ii 

I'xtreities of inten.sity fail he thus en'ated, as those of w hieii 
yon eoii.sider tin: e:.i.'tener. as tleinonstrated. It may he snr>- 
”e.~.t(‘d that. Ilie eha!t;i;(' <if j)()!ant\ jnoditeed in parfielt.-.s hv 
electriea! itithii-t.ioti.-, iii;;\ ari.s.;. from the forced .approximalioii 
of rtmipf<ie:t!l\ rejtelhmt poles, .so that the inttm.-ity of ihe in 
ihtetive. foree, and of tlieir eJfort to reinrn to their nrevieit.- 
silnation. m;iy L-e .sttseejirihle of the* itradation nliii.-h yonr 
enH'trieJtl doetrin^’s t‘ei|n!rt.‘. lint emdd tile (‘Nisfemei' of ;.n('h 
a rejx'lleiit. force he eonsisiciit \'.ith tlienntrna! cohesion which 
apjH'ars almost nitivorsally io he a propcMiv ol poiidcral'Ie, 
particles? 1 atn cMaf. that, aj^i-feahi;.. to tlm iiiijcnions li\- 
pothi'sis of Mossoth:, n'jtitl-i’m is an inht'rcnl property of t fit' 
ptirticles wiiich we l ali p mderalilc ; Imi then lie e.-stnnes the 
existetiee. of ;iti iinjiomlerah-le ihtitl to aci oiint for cohesioti ; 
and lor tli{‘ mo I's.-ily of soeh a ilnid to aci-otnit for iiuhietion 
it is my nlliniatt' ohjecl to eotiicnd. J wottlil stteyot that it 
can hardly h(‘ expedit nt to aseril.e the |.‘!icitoiuei!a. of electri- 
city to the jiojari/atioi! of pmiderahie narlteles, niilcss it can 
he shewn tliat if admitted, it would he ( oiiij>eten: to lirotltn-e 
all llic known Ytiriclies o! elettiie (■xoit^ meiit, win'flier as'to 
its nature or enenn . 

It 1 eompreln lid xottr tiieor\. tiTe ojoiositi' eie<-irieai state 
indue al on om* .side of a (.I'aled paiio. w iten the otiier is 
ilireetly eleetriln'd, arises from an ailei ttoii (-1 the inti'rvenino 
rilreens p.-trtieles, hy whieh a eerraiti polar state cansid on 
line side of the jiane, induces an opjiosite stale on tin' other 
side, latch litreons paitiele hayitto- its poles seyeralii in 
opposite stJites, liit-y an' arranped as mapneti/ial iron tilings 
in lines; so that tilti’ititdel) opposite jtoies are presemted itt 
stich a tnaim<*r tliat all of one Uiyd arc I'xposed at one snrfai'e. 
and all of the other kind at the other snrfa e. Airreeahly to 
this or any other inittpiiialile \iew of the subject, 1 eaiinot 
avoid eonsiderine: if ineyit.ihle (hat each parlieh' mnsr ha\e at 
least two poles. It seems to me that the idea of polarili re- 
<iuires that there shtill he in tuiy hodv possessing ii. i'\o 
opposite poles, lienee you correctly ;ilh.\i^e tliar a .*1 1)1 \ to 
your views it is iuipossible to’chari^o a i)(>rtiou lualtei* with 
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ono elo(!tnc forco without tho other. {Smprfr. 1177.) iiot 
if all this bo true, how can llu'n* be a ‘'positively excited pnr- 
tiele?’' {See par. IbUi.'l Must notoviu'v particle h(M'\eited 
negatively, if it be excited |)ositiv(dy? Must, it not havt' a 
negative, as well as a positive ])olo ? 

1 (*auuol a‘rree with you in the idea tiuit ('ousisteiitly with 
rlie tluHH v wliich ascubesllie pheuoiucu.i of ehn-tneity to one 
iluid, tliere can e\er be an is.dati*.! »‘xistenci^ either ot the 
positivt* or u(’i;ali\(‘ ^tate. Aiireixso!) to this theory, any ex- 
cited spac(x whctlier uiiiius <u- plus, inu?4 liavc* an adjoining 
space re!c*ili\ciy in a. <lirierent sfat<x loUwecn i1k‘ pluuiouK'ua. 
of posit! v(‘ and ii(\eati\i‘ ('xcihuueut tlicre will I)e uo otlc*r 
tli>tincliou tlian tlial arising' from the diri'ctiou iu wliich the 
liUld '' Ul cudeavor to tuove. Il the (‘McUe<l spata^ l)f’ ]a>sitiv(», 
it imi^t strive to flow outward; if ue^^ativiu it will sirive to 
ilow inward. Vvlieii sulliueutly inttuise, the direction will he 
sliewu hy the greater ituii'th of the spark, when i>as<iue from 
a smairhail to a lar«’e one. It is always ]oug(U- whcui the 
small ball is )josilive, and th(‘ Iar£?(' one ut‘im.tive, tliau wIkmi 
their I'lOsitious are noersed/ 

]>ul foj* aiivcurreut it is uo le>s ueecs.-ar} that the pressure 
sliould he on ovu*. side co?iij;arali\ ely mliiiL^, than that on the 
other side, it sliould be comparati\ eiy [djus ; and this slate (d‘ 
the forces must exist wbetlau* the ( urnuit urigiiied,es from a 
hiat ns before, (U' from ])resMire b.eliiud.. (.)ue eurrimt eauuot 
iUller csseutialh from another, howo\er tlu‘\ may be pro- 
^ lured. 

*lu ]»ari\‘!rapb I ba\t' hreu stniclv with the following 

qui'rv, Mdiat then i- to separate tlu* piiiiciple of these ex- 
treuii's. perfiM'l conduction and ])m*f(X‘,t iii--ula.tion, fiaun each 
other; since the moment w(' lea\i* ilui smallest degree of 
peifeclion at citlmr (*\trcmity, ue in\o!v(^ the ehunent, of per- 
feetion at iruj opposite end.^?'' Aliglil not this (piery be made 
with as mueli ri'a>'-ou in tln^ ease of jnoiio]i aiul vt^st, hi‘tw('en 
the (‘Xtremes (»f wlii(.h there an inliniU of gradations d If 
we are not to confound motio)! with rest, lujcaiise in [)r(»])ortion 
as the former is retarded, it clithu's less from tlie latUn* ; 
wherefoie should wo confoiuid insulation with conduction, 
becauso in proportioji as the one is less edicieui, it becomes 
less remote from the other? 

In any ea^(^ of tin* intermixture of opposites (jualities, may 
it not 1)0 said m the language whi«*h you employ the moment 
we leave the element of perfection at one extremity, wo iu- 


* Sco vdJ L p. 18!)j of tht’5.0 Annals. 
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Volvo ihe elonioiit of j)C‘rf(j(!tior. at tho opposite/’ Mi^^ht it not 
bo said of Ji^lit ;jnd darkness, or of opacjiieiiess and translu- 
t‘oii(*.\ ; in winch case to resort lo your lau^pinijo' aeiiin, it 
nii^^ht 1)0 addc(l os])oci<*!lly as wo. have not in iiatuia', a case 
of p(‘rl'oction at one c\\.vc\iu\y or tin^ oilier.” Ihii, if there be 
not. in nccturo, any two lifjdios of which oiu' posscvsscs th(‘ pro- 
p(n’ty <»f piM'fcctly rcsisline th<‘ jnissayc of (‘Ic'crricitv, while tlio 
otinn* is endowed with the fa(*u!ty of pcrniittinic its passage 
without any n‘sisl<-ni«‘(^ : doi‘S this allcct tin' propriety of con- 
sid(‘iini^- the (pialitiivs of and ci.ndiiction in the 

ah>lract, as perfectly rli>!in(;{, and inharinij- tinit so far as 
mat ter may he endowi'd w illi ihi* om- propri-re^ must be 
'/.’aiuine; in tin'. o(ii.*r 

Ih'ive you evin- kiiowii f h'elri(*ity to throie.di i\ |.«ano 

od j-omnl ?dy l.nowhd.io a.nd o\ oinaouet' crca1<* an 

impri’^sion that a. ('<»ad< <l pam- f- nr\ er di'cha!*f:e<l tbroimli tin? 
e!;e'-s unle.NS it b'* criudv^'d or perfo]*at:'d. 1 ii.H the inops-rtv 
by wbicb i.d a'ss ri’sists t!u‘ p.‘iS'.aLM' oi eh i'tricily, can IxM/on- 
fouinh'd wirli that which enabics a. metahie wire lo permit of 
its traiL'-fer. a;:^rc-cah!\ »•> W'jieatsttmc's perinnmt with a 
xoleeity ercatm* tikao tli.it of Uu) -olar vajvs, is to m\ mimi 
imameeivahle. 

^ OK iuih'i* that tls(‘ n'-adnal rliaree ol a barter\ arises frotn 
the partial peiudration of the ejass hy tin' opposite exidtr'- 
nieiits. Put ifyia^s !)(' pmu'tj'able hy electricity why does it 
iiiot pass through it \iit!iunr a fracture or ])('rforatiou ‘‘ 

.\( 1 ‘oruiun' to yemr dordriue. iudu.ciiun con-ists iu a forct'd 
stat(' of prilavizati.'iu iu (amriyuous r(>yvs of the p:»rtirh's of the 
ydass” (I)UIO'; and ^iiicc^ this is ]a'(tpajatcd from one sid*' to 
the Ollier, it must of course ( xist e(p.Kdly at ail depths. Ver 
the. ])artial pr'in'trat ion sui:;.e(*stt'd hy you. su{)p<rses a esdiaii'ral 
affect ion of*the .sann' kirn!. e\*('ndin-; only to a liniiterl dr'ptli. 
Is this cousisti'ut ? is it not more rr'asouahh' to siipposr' that 
the air in the vii'inity of tin' coatiii»r irrarlually reiiunuishes to 
it a porticai of frr'C' eh'ctricity, (onvr'yr'd into it hy what yon 
call “ convect ioi},'' 4 hr' coatin^’ beiiia erpially in cmiiact witii 

the air and j^lass, it ap[)ears to me more easy lo conceive tiiat 
the air might be penetrateil hy the excitement, than the glass. 

In paragraph liiOO, I uhsorve the followimr statement : 

JVhan a Lnjilvii ,1iir /.V rltnrfjfd, t /ic parfif lfs oj fhe (jft/ss 
are forced into this polarized and anist rainvil roitdiliou /// 
the elertricitff of the idiar(fiii'j apparatus. I)isrhan/e is f!,e 
rcluni of the jutrliclcs lo duHr natural state, frmu tio ir state 
of tension, U'hcne.cer the two electric forces an: atf-un d to be 
disposed of i a some other direction As you iiave not [u e- 
viously mentioned any partieiiiar direction in which the forces 
V^OL. V" — No. 25, July, 1840. i) 
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are exercised daring tlie prevalenc e ol‘ this constrahted con- 
dition, 1 am at a loss as to meaning 1 am to attach to 

the wordi^ sonic ollmr diivclion/' 1 'ho word ^sotnc, would 
load to tlie idea that tlioro was an urieortainty n‘S])(V‘ting the 
dirootiou in which tlioioivc's tuiglit he disposed ot‘; whereas 
it appears to mo tliat tlio only direction in which t.luy can 
operate, must he the opposite cjI' that by which they have 
been induced. 

I’iio oloctritmd partic'los can only “return to their natural 
stale" by retracing the j>ath by uiilcli they departed from it. 
1 would suggest tliat tor the words “ In he (iisin},)H (l oJ‘ in some 
other ilirection," it would la* belter to suhstitue the; I’ollowing, 
“ to comjunsaie rach utlur luj an (KhifUdlv commvniration." 

Agirelily to the explanation ot I lie jihenouumon of eoated 
electrics ali'orded in the paragi'a]»li (juotod (i:h)0), by 

what jirocess can it he (*oiiceiv(*(l that the opposite jiolariza- 
tion of the surface's can he ncutr;dizi*d by conduction through 
a metallic wire? If 1 understand your ijy])othesis correctly, 
tlie process by which the jiolarizatiou of one of the vilrc’ous 
.surfaces in a pane produce’s an ojiposite' polarization in the 
other, is precisely the same as that by which the electricity 
applied to one end of tho wire extemds 'tself to the other emi. 

1 (‘annot conceive liow two jwocc’sscs sciverally prodnciim 
resnifs so dianuUrically upjiosite as insulation and conduction, 
can be the same. By the formm*, a derangement of the elec- 
tric c(|nilihrluin may he permanently Mistain<‘d, wliih^ by the 
otlu’r, all derangement is counteracted with a rapidity almo.st 
inlinite. But it tlu^ ojipositc’ charges ari^ de])ondent upon a 
p<»laiity "hiduccd in contiguous atoms of the glass, which 
endures .*^olong as no coinmunicatiou ensiu‘s Ix’iween the sur- 
faces ; by what conceivahh* process can a ])erfect ('oiiductor 
cause a discliarge to take plane, witli a M’loeity at least as 
great as tliat of the solar light ? Is it conceivable that all the 
lines of “ eontra-inductiou” or depolarization can concentrate 
themselves njion the wire from each surface so as to produce 
therein an intensity of jiolarization proportiomMl to the con- 
centration ; and that the opposite forces resulting from the 
polarization arc thus reciprocally compensated? I must 
confess, such aeonceiitratioirof such forces or states, is to me 
ditlicnlt to reconcile with the conception that it is at all to be 
ascribed to the action of the rows of conlUjnous ponderable 
particles. 

Does not your hypothesis require that the metallic particles, 
at opposite ends of the wire, shall in the first instance be 
subjected to tlic same polarization as the excited particles of 
the glass ; and that the opposite polarizations, transmitted to 
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som(3 intervening point, should thus be mutually destroyed, 
the one by the other? J3ut if discharge involves a r( 3 tuni to 
the same state in vitreous partieles, the same must bt» true in 
those of th(^ in(‘tallic wire. Wh(*reiV>ro then are these dis-^ 
sipat<*d, when the? discharges is sutliciently powerful ? 'i'heir 
dissipation must take ]>lac(? (uther while tli(*y are in the state 
of being polarized, or in that of returning to their natural 
state. lint if it hap])en when in the first mentioned state, 
the eotiduel(u* must he destroved hefore the opposite polariza- 
tion upon th<‘ surfaces can he neutralizcal hy its intervention, 
lint if not dissipated in the act of being ])oIarized, is it reason- 
able to sup]>os(‘ that the metallic parlieh's can 1)(‘ sundered by 
returning to tlieir natural state of <le])olaT i/ation ? 

Sui)posing that ordijiary ('le(*triral indiugioij e.onid be satis- 
faetovily aserilxal to tin' rc^ex tion of pond(‘rabh^ partieh s, it 

cannot, it seems to me, he pretended tluit magnetic and 
(*le(:tro-magneti(' indurtioti is referable to this sj)ecies of re- 
action. It will he admitted that the Faradiau (Uirrents do not 
for tlieii* produetionj‘(*^^ulia' iutoixening ponderal))e aloins. 

b’rom II not(" sul>j<xued t;) ]>age o7 of your p;un})hlet., it 
a[>[u*ars lliat oii th(‘ <|U('stion of tlie existence of one or more 
im[»onderabl(^ Unids ns tin', c;!use of t‘l(M*trieal ])henomena, it 
has not beem \(>u inlimlion t<» dtx id(\’‘ I ^l\ould be much 
gratit)<‘d if any of tlu' strictures in which I hav(' been so l)o!d 
as to indulge, sliould conlributi.> to iriilium(*»', your ultimate 
decision. 

It appears to me that there has been an und.ue disposition 
to burdim (lie malter, u.-ually regariled as siu h, with nnwe 
duties limn it can perform. Althougli it is only with the pro- 
perti{‘s of matt<‘r that \\(‘ linve a diia'ct acaiuainlance. and tiie 
existeiua^ of matter la'sts u])(m a. theovtuie infen-ni'e that siin'o 
we perceiw jiroperties, thei’c? must be mater ial |)articles to 
which those [)roperti<'s belong; yet tbeia^ is no e.onvictiim 
wdiieli the mass of mankind entertain with more firmness tluin 
that of the existence of matter in that ponderal)le hwin, in 
whi(*li it is instinctively recognized by ]>eopIe of common 
sense. Not perceiving that tliis conviction can only be sup- 
ported as a theoretic deduction from our pore option of the 
propiM’ties ; there is a. reluctance to admit the existeiua* of 
other matter, wliieh has not in its favor the same instiiicti\e 
conception, although theoretically similar reasoning would 
apply, liut if one kind of matter be admitted to exist 
because we perceive propcrlies, the existence *)f w liieb eammi. 
be otherwise explained, are wc not warranted, if W(' notice 
more properties than can reasonably be assigneil to one kind 
of matter, to assume the existence of another kind of matter ? 
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Independently of the considerations ^vllich have heretofore 
led some philosophers to sup|iOsc that we arc surrounded by 
an ocean of ehaUrie matter, which by its riMlundaiicv or detb 
ci(?ncy, is capable of prodin'in'^ rln^ phenomena of mechanicai 
electricity, it has a|)pcan‘d to me inconceivable that the j)lic- 
nomeiia of galvathsm and eleclro-magm^tism. latterly hronght; 
into view, can be satisfai^torily explained witiiout. supposiiig 
the agency of an jnter\eiiing imponderable medium by wliose 
subsorvioiu'y the inductive inUiience of currents f)r magnets is 
pro]>agat:(‘ti.’' If in that woiulerful rcclpn»eal n'action betweam 
masses and particles, to which I liavc' alliulcd, the i)o!ari/ation 
of condensed or accumulated porlitms of intervening iiin»on" 
dorai)le matter, nm be brongiil in as a link to (a)nn('et the, 
otherwise imperfe('t chain of eaus(‘s ; it would appear to me a 
most: imjmrtau!: iustrumeut in lilting iho curtain which at 
present hid(‘s fiom onr inlelleeiual vision, tliis liighly impor- 
tant meehanistn of nature. 

Ila\ing devised so many iiigeni»>iis experiments tending to 
sliOW that tlic recciNod ideas of fh‘chh;ol induction are inadis- 
quate to explain the plnutonuuia. without suppaising a modily- 
ing iiilli.KMU'C in intervening ponderable matt('r, sliould there 
])rov<* to he cases In wliich the resnlls (“umol ho satislaelorily 
ex])laii)e(l by as(*ril)ing O) them poneral)Ie parlieh's, I hope 
that \oumay he itidncctl to review' the whole ground, in order 
to (Ictermhie wlictlier the part to he assigiu'd t(» (‘oiitiguous 
pond(*rable ])nrileles, be not seerjudary to that perronned by 
the imponderable principles by \vlii( h tlie\ are surrounded. 

Put if galvanic plnmomena In' dm* to pundt'rable inattcu’, 
cvulently that matter nni>l lx* in a. statt* of eomliinalion. To 
wliat otlier cause than an intmise alllnily i)el wec'n it and tim 
luetallie particles with which it is assoeiatial. can its eonline- 
inent he aserihiM.I consistently with your estimate 'd‘ the' (mor- 
mons (juantity which exists in jiuilals? If ‘'a grain of water 
or a grain of zinc, ('ontaiii as much of tin* (deetrie. lluid as 
would sup))ly eight hundred thousand chargt^s of a. battery 
containing a coated sniface of lifteen hmuircfl s(juare inelies,” 
how intense must be the attraction by whu'h this matter is 
confined ? In smth eases, may not the material cause of elec- 


♦ This view is precisely llial which we h.ive p:ivon p:ii(e V!70, vol. I, of these 
Annals; aixk eoust-fpiently, in .>lriet conrorinity with Il»e tln’ury of cleetro- 
Jiiaj^nctism atxl nia^iietie electricity, whitrh wc liave tlu rc expluiiieil. \Vc are 
glad to find an ackllo^^ leducnicnt <ff the prii^ciplesol'our tlieory so eminent 
an experitnenlal philosopher as Dr. Hare; it ^.-.ives ns some hopes that it will 
goon be more generally acknowledged as all’toding llie sim])lest and most 
natural mode of explaining cleetro-iiiagnetie and magne.lie-c leelrical pheno 
wena, that has hitherto been offered to the noliec of philosophers.— Kon*. 
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tricity he considered as hiiont, a^^rooably to the su^jnrc.stlon of 
(lOrsted- the founder of ('h'ctro-in/miu'tisni ? It is in coin))i- 
natitni with inattt'r, and only capable of prodiicinu; the aj)])!!)- 
priale ellects of voltau' current.n when in ac t of transfer iroin 
combination with one atom to anolhei ; tfiis tramder beini^; at 
once an (dfeet and a cause of chemical det omposition, as you 
have d(‘monstrated. 

If polarization, in any form, can b(^ cr)nc(*ived to admit of 
tlie laapii^ite yvadations of inttmsity, whieli t!u' j)!H‘nnrnena 
seem to tliMiiand ; would it not he more rea^onablo to siqipose 
that it o[HM*ates l>v means of inipond('rai)h» thiid ('Ki.^tinii 
throu,^hont all space, liou (wan* <h‘void ol ol h<‘r mat ten' May 
not an ehudiic ciirrimt. >0 called, he a prn^ia'-sivi^ j)o]ariza- 
tion (»f row s of the e!(a*tri(* parlich's, the polarity hidnir j)ro- 
dueed t\\. MU(" (Mid and (U"-t i‘<iyed a! th(‘oilu‘r imcr sarnly, as I 
imdiM'st.(M)d von lo snyeesi in tin- cas(‘ of (Mmriynons pomh'ralde 
;;toms. 

\\ lien the elertri(* partieles witiiin dilierent, wires are judar- 
Ized it* tin* >am(* taii;*<Mtiia! ttee o|>[)r»-^nt* ]w>K\s iK'iny; 

in [iroximity, then* will he ;itlvacnon. Wiem tin* lurrents 
of ])olarl/at ion m.o^e oppositeix, similar coim*idiny, th(‘re 

will he r(*j>nlsion. d he [ihcnoniena laainire iii;P the niay- 
netized or polarized partiedes siiould he arranyeii as lanyents 
to th(* (Mr('innf(‘r(Mic(*, not a.r. radii to the axis. Mor(>ov(’r, tiu* 
pia^eressive in.uc'nuMi! mn.-l hi* jn’opayated in spiral lim*s in 
(mder to acc.oinu. for rotatcuN tnlliUMii e. 

l.iiUwi't'n a win* w hich is the uu*an of a y.dvanic diseharye. 
and aiiothei* not tnakiny; a part ofai irtmit, iiu* electiie matr-r 
wliieh int(*rviMies ma^ , hy imderyoiny a jiolarization, heeome 
th(^ modinni <»f [n-odiu^iny a ])royrt*ssi\ e [lolari/atiou in the 
.s(*cond wire moviiur in a direction op]iosile to tltat in the 
indncmjj^ waita* ; (»r in other ‘words an eh*etrical eurrent o1 
the s])e('ies called I'^anahan may he yenerattMl. 

l{y [iroyressive polarization in a wita*, may not siationarv 
polarization, or mairnetism he created; and reei}>rocally by 
inay:ni*tic poifivity, may not progressive polarization heexciled? 

Aliylil not tln^ ditbiadV}, above stu»i 4 ;est(‘d, of the imannpe- 
teney of any imayinahle jiolarization to prodnee all tlu* varie- 
ties of ele(*tri(ad e\('itement w hieh I’aets retpiin? for explanation, 
be surmounted by supposing: intensity lo rcvsnlt from an accu- 
mulation f>f free electric jiolarized partieles, and (juanthy from 
a still greater aeeumulation of such partiides, [xdarized in a 
latent slate or in chemical coinl)ination '•* 

There are, it would seem, many indii'atious in laxonr of 
the idea that electric excitonuxnl may be diu^ to a lorccd po- 
larity, but in endeavouring^ to define the stat*^ thus designated. 
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or to explain by means of it the diversities of electrical charges, 
currents und etfects, I have always tclt the inconipetency of 
any hypothesis winch I could imagiiio. How are we to ex- 
plain die insensibility of a gold leaf eh'ci.roseojK*, to a galvan- 
ized wire, or the indifference of a magnetic needle to the most 
intensely electritied surlnces 

Possii)ly the I'ranklinian hypotbesis may be combined with 
that al)o\V. suggested- so that an electrical current may be 
constituted of an imponderable fluid in a state of polarization, 
tbe two electricitiijs being tbe couse([ueuce of the position of 
tbe poles or tlnur presiMitatloii. Positive electricity may bo 
tbe result of an accumulation of (‘leclric particles, presenting 
poI(N of one kind ; ncgativi^, from a like aceumidalion of the 
same niattCi* n irli a orcseutatiou of the opposite poles, inducing 
of course an opposite polarity, din' comh'nsation of the elec- 
tric matter, within ponderable matter, may vary in obedience 
to a property aualagous to that which detmaniues tluj capacity 
for beat, and tbe (liffenmt iuSliience of dialect rics upon the 
process of electrical induction may ansi* from this source of 
variation. 

With die highest est(‘en), I am yours truly, 

l^)IJKll’r llAUtC. 

\\\r ~ Dvavrlptldu of a Xnn Elvctro-lonic, Hy 
Tiiomss \Vni(.uT, I'^sq. In a Letter to die lulltor. 

1 lia\e lately coiiti ivcd a self-acting !‘dectTO-toTne,an aei*(umt 
orwliicb^I send you lierowitb, in hope that you may think it 
worthy of insertion i)i yo^r valuable journal. 

1 am, Sir, 

YoiiCs respectfully, 

d’llOMAS WllKillT. 

Ith March, !H10, 

In Hg. L pi. i, A is tbe end of an electro-magnetiii coil, to 
which it is desired to apply the Electro-tomc, His a block of wood 
inovtii edinto tbe foot-hoard of the machine, through which pass 
the small brass bars C I ) and 1] V ; at 1) is soldered a copper wire, 
which is i)ent round the end of the bar E E, so as to form a. 
spring ])ressing on the same, at G ; to the end of the spring at 
G is soldered apiece of tinned iron 11, one irndi broad and 
three inches long, bent in a G form as shewn at 1. On the 
bar C 1) is a binding screw at 1)*, and one end of tbe primal 
wire of tbe coil is soldered to E. 

To put the machine in action, one of the poles of a battery 
is screwed into D, and the other to the unattached end of the 
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primal wire; by this moans the curroiit passes along I) (i !•" 
through the coil, and nut at h, magnotizing tin; core of iron 
wires in thoenii, thesi- immediately al tract the [)ieee (d'tiniK'd 
iron II, and thus eontael is hr»)!;eii al (1 willf iiieoncclvahhj 
rapidity: indeed, when the spring is Ixmt, close, and tlie mair- 
net is .ipproximated \erym*arly to llie wires, the motion of 
llm hveak ]>rodne»'s a C'ontiime<i loud hum ; the shocks liow- 
*'vi*r are not so strong as when the magnel. is fnrtlier fVomtiie 
break, and more time thus allowed for the developement of 
magnetism in it. 

Tlie elect ro-magn(«t wliich 1 em|>loy is formed of a hnndlo 
of aniK'ali-d iron wires, two lei-i lone- and about half an in<-!i 
in diameter: over this is coiled forty yards of i-oppcr u ire, 
l-H)lhof an inch thick, (this is too thick vJnm a sm'aJi hatterv 
is inleijiled to he iistMl. ; and over this, soldeied to ir, and 
forming one contionuns coil, are wrapjasl 1 00 yards of cof>j)er 
wire, l-loth of ao inch thick; tho hartcry connexions are 
made with tin* ends of the primal or thick wdri's ; the shocks 
and (h compositions^are, obtained from the wliole length. 

'rix- ]»rimal correnl of lhi»s magnet givi's a strong ,shf)ck ; 
(even with three s(|uare inciies of zinc in tlie hatterv dcs<T ihed 
hereafter:) the shock ^‘rem the whole' Ic'iigih i> liouever intol- 
erahle, when the ends of the wires are toneiicd with small 
pieces of tinned iron lu'ld hetwcc'ii the dry li[)s of the linger 
and ihninhof c-aeli iiand ; and whi'ii the eylinclrical conductors 
.ittaclic'd to the machine are held loosely witli dry hands, a 
contimu'd crackling is lic'ard, as if the; c'lcctric tluid w as pass- 
ing through the thin sj)ace of air hctwc'cn the c onductors and 
the hands. * 

Mercury must not cm any nc-c.*oiiKt be used as part of the 
elc'ctrcMome to the above c'oil, as the greater part of the 
soeondary fnrrent passes in tlie dense' and rdjtoran^ spark, 
occasioned by the eomluistion of that metal. 

Instead of copper in the battery, I use common lea -chest lead, 
which I find to answer hc'ti.er. It is jirepared by cutting strips 
of it in the form of a feather, so as to otl'er a g’re.'it number of 
points for the conduction of the elec tric fluid, these are tlien 
placed round the iinside of ajar, and tlie ends turned oviw the 
rira, and bound in their places wiili ahriglit copper wire liniily 
twisted round them, to ser\e as negative ecmdiietor. 'I’he 
zinc and iliaphragms as in Daniels, the solutions as in Mullin’s 
batteries. 

• 

the receipt of this letlor, wc have been favored with a nf .''fr. 
Wrisfht^s very uoat instruiiieiit, at the Knyal Victoria U’alUrv of Prartit :U 
»..cionc;e, Manoliestcr ; and can testify as lo it.s powers fully aii.suering to the 
description Edit. 
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1 \\ — Dcsrripdon nf a New Klectro^vnuputHv Mucltine 
By Thomas WinciiiT, Esq. In a Letter to the Editor. 


Dear Sir, 

'Lhe t'oliowing description of an Electro-niagnetio Atacliine 
v;ill, 1 liope, prove intoresiiug to tlx' read('rs of your 
“Annals." 


Iviiutsfonl, March I'o, !S4(h 


1 nm 

\oiirs respect fr.ity, 

'I'lioMAs \Vnn;in\ 


I’ig. a Si'c! jonal \ ic-\\ of the ap])ariil!is. It consists 

of two concentric c\ linders of co]«pcr joined togedier at the 
])ottt)ftt ; the inner one A (niehc-es an eh'etro-inaeneiie eolh 
the (‘ 11(1 of the hohhin aj)p(‘aring at tin* to])- ITie dottc?d lines 
repj'esenl coneentrie eylindr-rs of pojcms eartlienwann nith a 
cvlindi’i’ of zine hct.ween tlnnn. 'To tli(‘ cylinder A. is soldta-ed 
a wire at Ih bea.ring a L shajK'd pit‘cc‘ of tinned iron at its 
extremity, and ])rc‘.>siii5r with a slight sjtring against whic h 
is a bent brass bar in eonjunethM* ''i^h om^ (md of tin* primal 
coil. I) is tin* other end of tin* primal eoil attac hed by a bind- 
ing screnv to the zine; this is a modiru-*tion of my s(*lf~aeting 
eleetro-fotne. 'i'he j)rimal and thin coils an' joim'd to form 
one (‘oil : the end of tin* thin coil is attached to the binding 
scri'w on the bobbin at \\. 'I'lie shock is taken from thin 
spirals attached to (.-and 1’^: s[»arl;s, ^^e, from wires attached 
to (’ and D, ^ 

Professor Henry lias found tliat electric induction d(»es not 
tak(^ ))laee (or vi’rv lm])crfeetl\ ) lien a closed circuit is inter- 
pos<‘(l between the primal and si^ierimjioscd coils; hut I have 
not seen it rc'inarked that magnetic induction follows the 
same law. 'I he following exper iment howcAc'r se^'ins to shew 
tliat it (lo{*s : — 

Jleing desirous of getting rid of the oxidizing spark which 
takes place on the hrc'aking of the battery eiurent, I joined 
the two brass bars of the eleetro-lonng deserihed in rny last 
letter with a fine iron wire two yards long," in iiopes that the 
secondary current, on account of its superior intensity, would 
pass through it, though the battf'rv current e.onld not, I bis 
answered my expectation fully : the hrt^ak eontitmed to work 
as usual, and the sjiark disappeared entirely* [ his experi- 
ment w as performed in the dark.] 


♦ I ani afraid I sliall bo ])cdanti(;ir I call Ibis wirii the '‘dcutcrode,’’ 

or “path of liic secondary ’^currcnl, but as I hope- to make it a source of utility 
in another course of experiments, I have thought it advisable to give it a spe- 
cific name. 
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I then took hold of the ends of the .super-imposed (‘oil, and 
was much surprised to find that it did not pive ilu‘ siiLditost 
siiock, (iV(’u when its (‘Xtremiths were ]>]aee(l in the mouth : 
thinking that tlie insulation must he i!np(‘rfeer, 1 di^joim'd Uie 
denterode,” tlse slioeks \v(‘re tlnm as j)owei‘inl a.s ii.’.ual, hut 
on joiniiip; il aizain they instantly e(.‘as(‘(L 


W I)rscri})tii)n o/‘ frit llhci ro-yDfUjimf tc Kun^nr, ^ 

lly Mr. rei.vn Jn a L(.*tS“r to tl](; I'idil/ur. 

l'aielos(’d I s'U'mI you ( for ]>uh]iratio)i in tiie Annals, if von, 
piea>(‘,) a drawing and d('scrij)(ion of, as I think, an ovipiiial 
mode ()1 api'-ivln^i' \o!taif‘ a^ettev itir the piirposi* of ac'cjuii'iiirif 
mo! ivi' er. Amonp- du* \a.ri(Ml fman.- of rotaloiu move- 
m(‘nt>, iiitherio tna.ii' pnhiie, I i)('iir‘\e tln^ general prineijth* 
IniN itei'u to ajiply the maer.eiie aetion in a lalcral manner, 
'riiis ciretnu^lanee, jo<:u‘tli(‘r will; ihe \ery limited sphere of 
a(‘tion of even the '.no.'^t powc'^-ful maenel>, iia^, perlia})s, been 
tile ('iiiise \\ii\ larpe ma('ium*s and small om‘s liase hetm so 
disj»r(»nortioned in thet^/ etfei t>, that .tin* latter seem to furnish 
no data for ('aleu]a.lin!j the power of the fonmnu 

In tin' maehine which I aiu ulxuii to describe to you. the 
tmipnct is niade to act in a. tilrevi. manner upon i\ reci|)roc.ating 
l)ai, which bar communii'ates it^ motion to a (‘rank, ju^t at the 
most favorable point, vi/.,, when it (liu* crank) i-« nearlv m a 
lioi i/.onia.l jiosition, and \Uien tin* 'oar is makint;’ a (^loso jy)- 
proacli to the mamiet ; cons(*(}Uently- the most intense action 
of the maanet. is applied to tliv cranis in that part of its revo- 
lution wlun-e il is most elh'i'the. Now. a slieht considi'ratiini 
of the pviiu'tple of the erauk \?iil shew the, importacc e of this 
ohj(*ct, which is ohtaimul by joiuinp the re(‘ipro(‘alinii: bar to 
tile (‘rank, by means of a cliain, or other fl(*xile cominnni' rf- 
tion. (ilow far this ])rinciple may be apjdieable for niaxim- 
izine: the etrt‘(‘t of a Liven jiower ujion cranks generally , I L‘,»ve 
with nundianies to determine - it is hidispensah’e here.) 
Wium tile crank has mov(Ml below the h rizontal position, tiiv* 
roc‘ipro(aitinp bar falls upon a rest, which yin* waits any jier- 
cussion takiii;^ place on tlie ends of the uuipnet* "riie bar 
I'omains u})()ii tlu*. rest until the erauk has made the lower 
part of its revolution, duriup \virK‘h time contact with the bat- 
tery is broken, and the bar, •of course, is diseimaped from the 
mapnet; it (the bar) is then lifted by tlu^ crank, as it jia-ses 
over the centre, when battery communication being again 
inad(*, another impulse is given. It will, no doubt, occur to 
VoL. V — No. 25, 1840. K 
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you, that a miiiilxT of inaanofs may ])(‘ ns(.‘(l with a siK’rosJ^lon 
of crauls:.-.. I trust that fiiruro j)]a(t‘ I, will he sullii'UMitiy 
intolli^ihh*. A is llu' oluiiii ('omiiiimi('atinu: b(*tv.'oon the l)ar 
and crank. B is tiu' rt'rija-tK'aliny h;o\ ;nifl C is the elect ro- 
rnaLUict. no break is oioilted to a\oid confusion. I 

ciTect it by means oi’ a suniil e^a ontrir upon tin* sliaft of tln^ 
lly-nliL'cl. 1 wouid oii.^ervc. in concin^inn, that tin* a))ov{' 
contrivance is unt a nnu-'c (unbryo oi tin* mind; for I ha.V(' now 
a worki]ii>* inodid in actual operation, ^\hich I invmittMl tiearly 
two years ;il»o. It has been at work f>ccasionallv for tiie last 
ei^i»ht(M‘]i nioiirhs, amk as I liavt* tnade no secret of it. it has 
been som by ;i c>ri\it mnnlxM' of ]irof(vssional pentlerniui and 
scientilit' frimids, amongst whom I take tht‘ lilxuty of Fjainm;.^ 
a fri(?nd and eorresiFond.nt of yours, Mr. .fames Mitelndk of 
this plare. 

I am, Sir, 

\"ery respeetfully your.'S 

InMAii (‘t.awkf.. 


MiUv ]i lOttK JS IO, 


VI. — On the new d/c/u/ Laffni'nim, I'v Jaiui’.s (k Ibncro 

\Mj (/A.M'cnnt.j. Moui 1 1'. 
il'i'iiii thr J<inr:ral «»(' il*-' i'ijp.il.Iiu | 

A norie<‘ of the diso(,v(u*y of this ehurn-nt iia’rin-:** alreadv 
ap}>(*aren in one of onv Sc'ien.iiilc Journals, it (n*riina.'d to ns 
that an af'csmnt of som<' of our jiorinuuUs w ith it nrniiit 
sent a suhii’ct of Miilicienl interest to the vecidors of the 
In stunt*' .](uiin;!l. 

'riu' uaii\i‘ is tii'i i\ ;'tl iVctu tiu* (ircrk A(>i r(o;i;. f'l li*' Itiil 
it is ciilicti ill Sivodi-li and Cd*vi:>aM, Laiit.ni, f)id in linyli'.li 
Lataniinn, I'nr tlu* saka (d'l.'iiiiiiofiy and in ai/i-nrdaiftii' uitli ilia 
generally rt'ccivcd tunniiiation ot llin names of tlir olrsninnts, 
'I'ho ordinary nictl’.od oi olitainin,” cerimn l>y pre< i|»itati-m 
with llio hi^uipliate of pot.issa, tinevr down a in-salt, ol' l.ata- 
niuni at tlm same time, tlie laticr (■oi.-tilMlint>' 1 wo-firili:. of 
the whole saline nia'^s. Tlie method of separating the two 
depends on the ready solnhiJiry of oxide of lafanimn in dilute 
aeid after iLinition, a jiroperty lost by cerium under tlie same 
cireunistanees. From its nitrie sointion, it may he best 
thrown down as a white, cln vsi aline earl.'onate, by carbonate 
of .ammonia, and from iliis it.« other compomids may he formed. 
'Fhe dry chloride heated with pbtassinm was reduced to a 
grey rnetaliic powder po.s.sessing a dark lead-eolor, and eapa- 

-if Fntni it.< ron^'raiin^’nt hitl>f*rto in t)ir of rorinm. 
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By Messrs. Booth and MoiTit, 

blc? of being flattened together by i)ro.ssing. It ^^l(>\vlv con-^ 
verted iiito oxide in llie air, and in cold water into a hydrated 
oxide uith the e\oluti»)Uor hydrogen. An etierx eseenee takes 
plaee in hot water. 

It lias two isoinerie st;ites. 'f’iie (naiiiiary salts possess a 
faint reddish tlng<x hut when tin* \eIiowis)j red (»xide is heated 
in hydrog'(‘!i gas. it. heconie*- while with a taint idiade of gieen, 
ant] dissolves with more diiiieidty in aeifjs. iVu'niing sall.s wliieli 
posses'j a gveemsli Inn*. 

W'itii bi^uipha.te of ]»oi.a^sri it forms a s!(>wl\ .-oiui)it‘ -a.it\ 
wiruh, liowexei*, do(‘,; not preeipitale like th(‘ eoir.‘>])onding 
salt e.t' cm-ium, uiiie.-s the i ittm- la: al:o [ner-fmt in iliL* s(du* 
Uon. Ii^ aiuiiiie weigia is lov\er limn tiiat adtioted fertile 
oxi(l<* of eiM iunu 

'riw‘ aho\e uoti(M' mainly extiaieted lleiveiiirs' leller 

to tki'jgmidnrir. )mo!i'-h<*fl in Nos. *1 and b of P»>l' A n- 
ual> tor die ]n’e-N*nit \‘ear. ( nir exocrmem! s w ero .‘is fellows : 

Isa.xmg. |u r j)ai (‘(l Miij)liat(M)f can imn ami poLax^a l)\- tlie 
ordiiMiy metle'.os iV'im^the mii’erai eerit *, i( w ;is di.->o‘i\ ( m 1 in 
a !,ir-(‘ <e'ai]iiiv o(‘ Ijoiling and liie {!\di’med <;xi<l(‘s of 

antl iaianiimi [naa ipit al ed i>y e,ui>.ir j/mr'-. a. 'These 
were dissoiM'd in nil r' aeid adtn* i)emi.'- tnoiamghiv washed, 
evaporate*! i . > o:*\ am! iieaied in a plarimim (aiU'i’eie until 

all the iiinlr- st ad was ('Xia iled. 'Tiie e,\ide•^ retuain; d of a 
light I'.'ddish hrowii eolor. and wert' iramlern ii {•> a lmms'-* coii- 
1, lining nitric acid dilnh d wiih TO to so liau ;m iuiieh ^valel^ 
After digesdmg a’nont two iuair.-* in a gen; h' warnnh, the 
laiamum warn ddssoL\('d and oxidr* of (Muium remelij^eil (d’^a 
reddi>'li-l)row n color. The siiiuliou tiaaieeil w ith eausti** |.)o- 
tassa throw dowm the whit<» liyiir^tcTi oxide ot lataniuui, 
iDueli nior(' bulky and geiatinoii.- in aiipmiraiiee than alumina. 
It is exeee'.4ingly diiileult, if Tiot im possible, lo w;i>h it out 
thoroughly, for alter (‘duleoralioii lor Mwtnal davs, the liquid 
passing through thi' lilitu' still ga\e iiidieatiuns of a solid mat- 
ter, am! alnu».>l. hal to the belief that tlu* oxide was slijhtly 
soluble in walm*. 

On re-dissolving iivdrated oxide in nitric aeid, evajiorating 
to dryness, and healing- to redness, tlu» dry oxide rmnained 
of a briek-rec] color, iliflering tlitrefore from tin' oxide of co- 
rinin by a lighter Inu*, and by containing less of a brownish 
shade. On liamting this oxide as !)efore with very diliire 
nitric aeid, a small portion of oxide of ei'rimn remaimal, jirov- 
ing tliat this mode of sepaVating llm two metals is imf ae- 
eurate, and that w e must await further experimmifs for I lie 
diseovery of a more perfect method. 

Oarljonate of lataniuin, as thrown down I\\ carhonate 
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of soda, is a voluminous ^vhite prooipitnte, and, liko the 
hydrated oxide, viuy dillieult of ediileoration, for after obtain- 
ing the chloride fnnu it, crystals of common sail wore also 
visil)Ie. Agroeal)ly to the observations oi‘ Mosaufh'r, there- 
fore, tlie carbonate of ain\nonia is tiu'. Ix^st precipitant. 

Sulphate of laianium is readilv formed by the solution ot 
the oxid(‘, or carbonate', in <hlut<' snhphuric acid, cvap<n’atioii 
to a. small bulk liy heat and exnosun* to seit-c\aporatio)u while 
delicate neodli's of a riesii-red color collect in little j.»roups on 
the bottom of tlie (‘aj)sMle. 

'^riie chloride is similai lv formefl In means of <‘liloia>-h\ d*. ic. 
.acid and <'vaporation. It f(»rms a lieht vellowish i^reeii t rys- 
tahne mass, in which no delerminatc lV)rni was observeib 

'J'l'ie (]uancliy of lataninm in onr ])ossession was so small, 
amounting only to a few i^rains, that llu' operations wena* ne- 
cessarily eonductc'd slowly, ami ]»r('\tmted onr pin. filing tlu'ni 
([iiantitatively, should Vv' h(' ('iiahled to obtain a larger 
amount, we may give more inter4'>tini2’ rt'sults, without, how- 
ever, trespassing on the held legitur iti'ly belonging to U;e 
discoverer. 


VII . — llcmarhs on the Inperfct FAnslirif y of Glass Iltn ads 
used hi Jorsfon Instruiuents. I>\ , 11. (f()()i>i:, 

Chemical Assistant in the Laboratory of the Lniversitv 
of the Cit} of New V(»rk. 

|Fr*mi tlir J«unia.i of llu- i-’niiiKliu liisShUr. l 

•* h. 

hrorn the sigievior elasticity wliicli gla^s t'njnys over mo>t 
substances, particuhirh the metals, threads of this material 
have rcjilaied the metallic wires wil/i uliich the neecyes of 
torsion instruments wore at first susjjomU'd. "llu* late Dr. 
Kitchie employed them in his improvi'd torsion galvanometc'r, 
whi('h emulates the torsion balanci' of (’oulomb, for ac< uracv 
in measuring small forecs. It is ne< essary, however, to the 
porfe(*tion of torsion instilments, that the ( lasticity of the 
thread of suspension, thongdi a feeble, should be a ('onstant 
foree ; and also that the thread itself should siiiVer no altera- 
tion of its conditions by the amount f)f force exerted njxin it. 
Perfectiy elasth* substances only, fulfil these ri'fjuirenieuts; on 
all imperfectly elastic bodies torsion acts irregularly, and im- 
presses a change njion tbicm winch ])revents their return to 
their normal position, after it has been removed; such, for 
example, is the change eficcted in the ( onditions of metallic 
wires, filaments of silk, hair, &c., which, being iinperfectlv 
elastic, fail to return to zero when released from torsion. 
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impression has l)<;e<rrne tliat, threads of t.rlass, 

of a ecM-tain (le^iroe of tenuity, nnlike the suhstanees already 
TtientioncMh are not pi'rinanently aileelaal ])v Idiaa' ex/*ited rai 
tlieni : l)ut arii (aipanle ah\ ays of reLuiininii- tiieir oriidiial ])o^ 

sit ion ; llielr elastii'ity is tlnu’efore eonsidenaal to he ])erle( i 

and ineasnrtvs ei’ieeUMl ^^ilh instruments to wliieli the\ 
a<ljnst('(i, I'iiiidly a<*eurate. I Lu nnr (^h^erved that tlie iie(M!h* 
of a <i;dvann»net<‘r r-u^p(n\<U‘d hy ;i ij!;i>s tlnasad did not return 

to /c'ro, after th(‘ instrunu'nt h:nl been (‘ini)lo\'('(l ju a sei'ies 
ot <*b;“('rveoion.-, it IxM-aine ;i ^iddi.a t rf (najuirv to a-'t ei-iain 
the source of (uror, I 'or {.nis i)!ii-p<Jse, t ln'e;ni> of diih I'en t. 
diannam's were* .’-leauMided, in a tmiiuier similar in ali respects, 
to tha» of a lorsien i*alane<‘. 'I'v.o >inall uj ai jl>: \v< re jdai-cd 
on of)])o:dh‘ S!d<'-, of tin: lit lie le.ebie*, near it - oppo>ite 

etuis, wloC.h seiNtd as (jo.-^iai-!.*' to it 'liu. it lorsie.n w.*?-, niadi*, 
attd pre\enled il ironi rotaim j ajeasy ijh rite ntiet'oniett'r. 
(>n s.ane point of ilu’ rnread. a.’eiiier tuuuile, ('ar- 

cat tipriehl ana, was ceuumti'd. d sh- ami stu’Ved as an 
intU'X for Tne tinee^l, .‘iiui marked r«<‘-iti‘ra (ot a scale [tasted 
on tile i'rppo'.ae >jd.;‘ o‘ r!{e*ia*r; i- wa.s (dee’-\(Ml linoneha 
smrd! itoie in a ;M\a;e of le.etaL placed ten or fifteaoi In< Iu‘s 
distani an i..ipM.n •mI nu'thod of oo-t mino’ a \t'rtieal index 
inlrodn.e(*d 1>\ l'rf>fe.-.-or ihaper. 

d he tlit'ead ijeiay friu'U siispa'nded), iis inrles and litat of 
tht‘ mn'ronieK r at. tl’eeir ix op.rei i\ zero.-^, a Voi'.'unt (*f three 
rcvohilions of the tnierr>inrter v\ it- e\eried on tlii‘ thread, for 
li\ (Mninui es : wIkm reitaised from this force il ditl noi n'-iime 
its |)osiiion ui zero, i/,it siiried iVoin if in dlu* direetion op{»osite 
to tlnit in whu h the Torsion liatl hetm made. If the mierometiU* 
he no^^ ki‘pr id. zero, it will h(‘ foiuu! that ilic tliread partiidlv 
rc(‘o\crs itself, idler tin' Lapse of n^veriil hours ; llu' ainoinit 
of error lamseijueuTly diunnished. hut it m'\er naurus ;n.'- 
(*urati‘l\ to its (»riyiniil po.-iti«»ii. If instx’ad of releiisine; tin' 
tlniaaii hv returning the inierfuin'ter to /enu the tinaanl he 
r('Ie;ise<l from tlie ohslaeles. the siune ri'snlt w \]\ he obtained ; 
in eons(a[UeiKa? of tin' iuijK'tus it rt'ijuiia s in spinning laimni, 
tills latU'r is jiroliiihly llie less iieciiralt^ metliod of observa- 
tion. 

A variety of ex])evhneuls ^'ere performeil with dilVerent 
threads, to asc'eriain if the alteralion of llu' zero boia* any 
eonstiint relation to tln^ amount of torsion employed. If sneii 
were tlie ease, a system of eoinpensat ion could he ;!dv>pted 
which would free inslrmnents fitted with glass t!ne;ids troin 
error. 

The result of the observations made with cme tliread are 
given, for eouvenience, in a tahtilar form; tlnn iire ;maloyoiis 
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to tliose ol.)taino(t with others; and indicate that the ainount 
ot the alteration of the zero, for the sanu' threads, for dilVerent 
degrees of torsion, bears n<^ constant pr(»portion to the ainount 
of force employed. 
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The thread ^\as now hdl freely su.sjxmded for two liours ; 
another m'edle and index were then adjusted to it, jjarallel 
to the first, hut at twii e tlie distama; of tlit^ lirst from the 
nuerometer ; two ])()iiits of the thread could now be ol)served 
and the elleet of torsion on ;t double lengtii noted. Tp to 
1080 the error of its two indexes was the same in amount; 
for that degree of torsion, the farther indc'X varital more from 
its zero than the nearer, and eon.sO(|uently required the 
mierornetor to pa.ss tlirough a greater .space to ri‘store it to 
that })oint. For a. torsion of 1440 the error of the more dis- 
tant index from the micrometer exceeded that of tlie nearer, 
three degrees. The tabular results are as follows; 
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"I'll'.' ro.-iiil iii flit' in-i • sf t In* prc’^rdliii* 

h;is Ix'cii (mI ta takr plact' ri'pcaU'div w lii'ii Ijii^li 

- ()!' liavt* bmi rni|)l<>yj*d aial t'oiiMiim d for ;i, 

lonu jxM'iod. tl i> prnhahlv (iiu' to ^lii:lit iiK«|ijaiirio> in 
<lianict('r (»! llir throad- .nal to tiuar l>i‘inL»; dilina'iit 1 y aniioalctl 
in diUt'i'oni ]a)rrion>. of thrir h'liutli: <'Xortod nu tlioui 

Avcadd, imd<M‘ siudi < ircuni.^iama's^ prodiua' nioia* doridod td- 
focts 0)1 Hoim^ ihaai <ai othors, and tlio (didrt niadi? hy 

the (linMil lo naa;,'*!’ iiM-if v«oiihl n'ho of-can^iou in diirnanit 
parts u( it, dii/oj-i at doyii'os oi orrnr. 

An io'^pta } i«‘)i of r!u*>:5 ladlt's uill show tia'it ilu' wholo 
anioiiiit, <n' Oi l or, for oaoh sorii's ol r»hsi’i’\ at ion<, dt'i'u'as- 
ini.; : in lln* lir,^) ii aanounUai 2tl . in liu* .-^.a-ond lo I'd , in 
flu' thiial to if . It '\onid liK'iad' »ro appoar lijai a (a'vt.'iin 
aniounl of torMon roidd ho rx(‘ro'd on tira tinaanl lMraf (*r- 
tain ]M‘rii»{l. hn* uhirli il \';onlii ahord no n ian' of tin* zero. 
< )no thia'ad v/lnrii Iras lnaai (»prrah’d r\h:l;^ird i’his 

of tovoo I’xorti'd on it, in a \v;ry rnarkv'd in.inno'r ; ior a 
l(n>ion (»f t^v() n'\oliilion> of iho n«ii-r(‘nu lor. \[> zovo aiua'od 
10 , inn [or lour ]*o\ oini ions thorn was no ;iiti*rati(n!. It wa.s 
brolson ii; fji.-iKini: another oi"-(. r'. at loi', 

I'or <li‘arta‘s oi torsion less ihai) that at tliis nlVei't 

taki's pi;(('o, li»o (*rror of rlu' zano will rtnilinne to exist ; as it 
is ohserved. ni tiio two last ta.ides tlial toi’ oin^ and two lauo- 
lutions of tin* inii'roiurlcr, the error is nearly eoiiNtant. 

l\ has heini she\ni that a foiee atnonntina' to otu' re\olntioii 
of the inieronnMi'r exert<’d for live niiiiiiK's, produei'd a ptu*- 
inanent delloetion of the zero outlie ihrtxnk two deyret's. An 
attempt was made toaseertain tlie inlhn'nee jO smaller dc'LU'ees 
of foix'o on tln^ thread, e\ert('d for a longer ])eriod. \ torsion 
of 270 prodnct'd, in live minutes, a jiennanent de\ ialion of the 
zero 1 : 1 80 of torsion in tfio same' period oceasitnu'd no ei ror. 

A torsion of !M) i'ontinued for lialf an Imur, pianhieeil an ahera- 
tion of 2 ; for 45 of torsion (’ontinue<l one and a half hours, 
it altered ,3 . 'I'ho ])ermanent alteration of the zero o1 a glass 



On (he Imin rfecl Elaslidly (J‘ (Uass Thruuh. 

threcul ap\)C‘ars to bo occasioiuuL oltbor by a largo anunint of 
force ONorteil upon it, or bv ^luallor fi)roo.< acting for a corn- 
parativoly Inng piaiod. 'I'iu* amount of this alicrati(ni is 
Tmuliru'd by a varioiy of i'iroumstam'C.s : ibo diamoim' of tlm 
tliTOad — !lu‘ Ulli^o^lrlil^ with wiiirh il (-(Milod in l/cing <!iaun — 
tbo anionnl of forco to wiiicli it has 1)0(M1 subjected, audits 
duration- -o«»ri!l)in(' in ])ro(iM( ing lliis (‘libet ; which. inlliKMu't’d 
by so nic.vr-, (‘ansrs, mic^t noia^'Nsa.nly ijc vanal)h' in amount. 

It is not pioljabic that atiy two threads will atVon! lliosjuno 
nnnn'ri('al ^idlif‘ id tijcir (* errors id* zi'ro, hn* tin' .smiu' 

fov('o cxcrUal oil l!io;n. \'e('anno| b<' c(‘rtain ihal tlu'V are 
in prceis{‘!v t!»e same condition-— that, they are itloiuicrd in 
eoinposilion, nr timt t!U‘y are etpaail) widl annealed. Ihuli, 
le v. e\(‘r, will fail to return to yxV{\ after a certain amount of 
torsion has been oscrteil on t!u*m, by a (uianllly wbi'h dh. 
ininislics for e'> (M’V stwies to obstTvalions ; and wim li foi- a. cer- 
tain amount of ^r>r^^on, heiMcums nolhini;’. 

"rill' elieid id' ibis error of the zero on instnimeiiis con- 
st meted for the ])UVpose of nu'asnring small forces by torsion, 
is to (‘ause tin* desiaiioiis of llie*in*cdU\ when the tbri'ad is 
neul\ suspendeil to la* less than they oimbt to Inu and loss 
tlian t!ie\ ever are aftm-wards ; in I'aeli sueeecding obserwilioii 
the fona* aetlnu’ on tiu' ina*dle has to o’, ercome not only the- 
forces which keep it in ecjuilibrio. but that al-o whieli didh els 
t!ie thread from its zero; as this latter inercases with t!i(‘ in- 
(M'ea>e ol torsion and with tlie lime it ocenpie-, tlie la-t detlee- 
tions ot ibe inaalle are much le>s than the tir-t of the same 
seri/'s, , 

'This kind of in’ror will lie found in iwerv Muies nf experi- 
ments, tb(»ugb it will ^ary in amount; Imt it will still be 
snflicient if not corrected fur, to vitiali' r(a|uiring to 

be olilained accurately, lii using torsion instnin»enl.>, after 
eacl) (diseiwation. the error of the zoro ougbl to bi' aseer- 
tained and the due eorreetiou a]i[)lied. Lint wliere it can be 
done, it. is advisable iirst to asemlain the amount id' torsion 
necessary in live, minutes to can. "-e an alti'iaiion of tbo zero ; 
and then to a.-certain the period of time wbieh that, amount id.' 
torsion intended to be einpinyt'd reipiires to prodium the same 
effort, and not transcend tlies?’! limits, by employing a greater 
amount of force on the thread, or using tlie instrument con- 
tinuously for a longer time than it will afford correct mea- 
sures. 
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I Ii'iiric's patcMif j)inti[), to a suiail w('!! al r, an<l thanca 

1)V a jsc'coiid \f\\n: llirouirli the shi»)\s uiulv'r watrr, aad by 
thi^ passed satVIy into the sea.t 

20. Ni>\v it. is e\ident here ibat a heavy dit.i'har':e of lijjld- 
nin^* which shiverfal coin])letely a sloop of war’s main-top mast 
aii(i loD-o'allaul nia: I varvlui;' iVoin 11 inche-. to a foot in dia- 

Annuls ot* I lloi’lr'n'ity, Vol *v- p. 'ia’2. 

4- oircinnsImuTs :iri* iniiiuttOy il hy C'npt. lilac k\\ ooJ. "1'“ 

tviauclrd llu slii]» at tin- tiiiii.’, ami iirj\ lu* st'i*n in liis luti inr, Ifltrr on llu* 
Miliji'rl, in IIjl' Naulirai jMana/iiu*, vol. viii., p im. 

\ on. \ . \o. 25 , Juhf: 18 ‘ 10 . 


I 
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Mr. Ilairiri, on Ships si ruck btf Lif/htnimj, 

mctCM' tliTOiiyh a length oi at least 80 tVet, was eondueted 
without (hunago or fusion by an iron ehain and a short ( opper 
}>ipe. It is tlunadbre important to state the dimensions of 
these inetalli(* bodies- Now the iron eljain eojiislstt'd of links 
2J[ inehes long, made of iron rod J; inch in dianict('r. It 
reached from the lower yard to the <lc(*k, a distance of about 
50 feet. 

'i lie pi:mp consirUed of cojiper pipe 4 poinids to tlie sipiare 
foot ; it was 3 inehes in diameter, and aliout tlu^ of an 
inch thick, extemding tlirough a dist;iiK*e of about 10 ha'J. 

M he (dVects on the forenia>t wvve \e:*y similar, th(y\ ;irc‘ 
omitted therefore for thi‘ sake of hnnity. 

27. It i*- not a little ren»a.rkahle, that li\ e j ears after tills, 
in 1838, thissauK' shi]) was again striu'k h\’ lightiiims whik t 
at anclior in Ihmattg Hay, and again Itist Iku- niain-lo[) uiasl. 
and top-galhnit mast in a similar way, tlu^ lower nia.-^t heinir 
preserved by her ehain tojisail .-heels. 

28. No. 2. — 111 l>^30, the Athol, of :>s! gun^, was struck by 
lightning on lun* foremast, in tlx' Higlit of liiailVa : at this 
time the topsails were lowered on th(‘ cajis and the other sails 
furled, as slu'wed In lig. 5.' 4'his sliip had ('hains fe.r 
lioi.sting the lo|)sa}ls w'hich lav im, tlie direction of ili. 
topmast as indi(*ated hy the dothMl line h c*. She had 
also a chain for tojisail sh('(4s, whicli Icii along the lowei' masts 
as indicati'd hy tl.e line <l c. When the electrical exjilosion 
fell on th(^ truck it shivincd tlic top-gallant mast in piin^cs so 
far as the ('ummenemnent of the chain^ at // ; hero hm’ng a^- 
aiste<l by the chain, it passc-d on iriflioui any daanage to the 
t^pmaA, wliU'h is extremely worthy of renuuk, ht.':aus<j in 
the former case, where there' was no chain, the lojnnast was 
(iestroyed. 

llaviiig readied tJio ponit c, w hort' ilu* (. bain, terminated, 
it passed v:ifh damagt? over the head of the mast, unlil again 
being assisted b\ tlie lower ( hain d c, it passed without da 
mage to the deck; on reaching th (3 deck at c, it passed hy 
means of a holt throiigb a beam in the forecastle upon the 
ehain cable, and thence into the sea/’ 

29. 'Jliese ellects are similar to the form(‘r, and shew^ the 
protection allbrded hy the cliains, and tlieir power of (*on- 
ducting heavy discharges of liglitning without au\ of the ill 
consecpiences in^i^ted on hy Mr. Sturgeon ; since in both cases 
the chains were in the vicinity of largi^ inetallici nias.ses, viz. 
the iron hoops, iron-bound blocks, &c. about the masts, and 


• An intcre8tinff .in4 rintluMilic acrouTil of lliir, rircumstance lill bo foiiiul 
in thu Nautical Ma^^a/ino, vul. viii., p. IN. 
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IVIr. Harris, on Ships struvh by lAyhlnimj. 

in both c.‘aso.s the lightning passed through the liull. Now as 
all the laws of nature are general, not partial, it is reasonable 
to infer, that if Mr. Sturgeon’s view of a lateral explosion 
were true, it ought to apply in sueh papahle cases as ihe-.e, 
more especially wluaj In^ says he can produce a lateral ex}>lo- 
sion at hO feet distance with a jar of only 'd (piart of 
cajuicity." 

30. No. 3 44n.‘ efllects of liglitning^ on II.M.S. Snake, is 

aiiotlier striking iiistanee of the general laws we ha^e been 
contending for. phenomena are detailed with peculiar 

clearness by ( ^-ipt. Mihu' in the March number of tlie Nautical 
Alaga/ine. 4'he electric tluid enterc-d main truck, shivtued 
rtjyal mast, splie.teied toj)-ga!lanl mast ; tluni n\ (U* main 

toj)s;ul tye iriihouf damage to within 8 feer of tiie deck so far 
;is tln^ t{)psail )ni hiarfis. 

h'inding, as f>bscrved by (‘aj)r. Milm% an obstruction here 
in the ropt*s, it ag.ain seized on roe ma'^t, and became divided 
at tiK' sa<ldlc of main boom; f)n(* portion pa^stal out of quarter- 
de('k ])rrrt to the se.';, tiie otlier to lower devk aufl do'.Mi the 
mast, and distributed its.df 4i\er the* linll, airi.'cting pej*sons 
lx low. The rna.'t, on being examined at Halilax, was >])ruiig 
alx’.ui ilie parhiers *2 i*n<*h('s dix'p and 15 im hes round, and 
N\as pnjlvtiy burst asnndrr of (be sff p: h(.’nce tli(.' shock had 
<'\tcndcd to \]u^ heel. th(* (dcctric matter, constH^nently, must, 
liave pass(Ml l)y tlu* melaliio holts in the k(M?lson to the ^(‘a. 

It is further stated, ami it is a mnsf imporfaut Jucl^ tliat a 
s(‘aniaii dtoj't ou t hi crons fnes^ at the liuie, did nor experieix'o 
any sensation whati’ver. ^ ^ 

31. No4. --Zl4ie l>u7/avd hriganline was struck by light 
tiing ot) tiie Coast of Africa, in lyi’Uriuiry 183S, and lo>l, her 
lop-gallant and toj)imist, uiuler preci'<cly the same circum- 
stances as those <4' tlic Hyac inth, llu‘ lc‘Vver mast iielng pre- 
servcal by the chain top.sail shecU ' . 

32. No. f) 44ie Fox revemue cutter Wiis '^triu^k by light- 

ning ill March 1818. ddie mast was furrowed anil otliorwiso 
damaged in every part except icitcrc it irrus coppered ; as ap- 
pears by a minute made at tin* time by the nui-dcr mast-maker 
at tlie IMyinouth dock-yarih 

Now the cc»pper usually placed about a c uier's mast is nut 
the /.nd part of an inch hi thickness. In this case it n‘- 
inained perfect. 

33. No. (). — The spire of a church at Kiugshndge in IToon- 


* 'rins o;vsii was ;pvrii nir liv llio roiiiiiinniU v liinit. t <»i 

l>o,u’4 llif Vi’Siicl on Ik'i jiirivai. 'I'lu* parlwuhns .nt- iwt. a m Imt 
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shire was striu-k l)y lijililihiig iii June lS2;s, and fearfully 
diirnap^ed. This ease is partieidarly worthy of noliee. 

"Idle lij^ljtning fid] on an iron *•^^)il^ 6, sn})[K)rtinfr the 

weather-coek, ahoiU 7 fe<*t in length and I inch in diaiueier. 
On this it ])iuduced no vi.'^ihle ellert, nor did nun dnnunjv, 
arise to the stonv-irork ahont. the rod. It was iu»t until the 
rod ('(\as(Ml at tlu' point t) lliat i!u' masonry nnt.’ 

No. 7- - l..\tra(*t from a letter froiii Lieut. Sullivan, of 
ILM.S. Leagh',’’ addri'ssed to the ltdilor of the /Nnrtals of 
I"JeetrK'it\ , 6c('. ikr,^ relative to th<' ]we|eerion ationh'd hy a. 
continiKuis coiiduetor at Li the loa^t of SL), i.S. iie.-v'dt'. 

Having eonsidered y-){ir e(nniiuniie:ii iiui in the AiJiials of 
Lleetrieitv on inariiie lightniiig cae.jdiierors, (M>ni ainiii;' (dr-er- 
vniioe.s on tlje sii-oke of lightning ^^hi('h fell on thi ni;;.-ts (»!‘ 
IJ.Af.S. lleagle, i think it fair, both to .Mr. Harris and tin; 
na\al servlee, to deserihe tiu' phenonnma I wifnes^ial on that 
oreasioii ; iirst slating, llnii at the tinie of my joining tlie 
lieagle in 1.8dL pri'viously to lier leavinir Lnghind, I had no 
«a<'i[uai\n«-in(‘e with Mr. Harris, and eertainly no hors in favour 
of tlio (*t.>nduet'ors with whitdi the sliip was fitted. 1 raa\ 
therefore claim to be eonsidercal an impaviial observer. 

At the time alhuhvi to, I was iirsl .Li(‘Ut('nan!. of the 
Heagle, and was attending to tlie duty <ni deek. S1 k> w as ai 
auidior off .\jonti‘ Video, in llu' Kio de la LJala, a j;art of the 
world very oft cm visilf'd l)y sevau e light niiig storms. Ila\ing 
he(Mi on hoju’d il.M.S. J'lietis at Kio Jamdro a few years 
before.^ wlien \iOv Jirreinast u'ds < nl irc/f/ drsl rojird to/ lii/ht ni np. 
rnv attention was always ]iartieniariy diroeted to a[>]>inafdnijg 
eleetri(‘al storms, and es]ieeiaUy on the oi'casioii alluded to, a-, 
rlie storm was unusually ’.e^ere. l\h(‘ flashes stu'Ciseded <\‘ieh 
otlier in rapid .ou eession, and w<u*e gradually ajiproacliing; ; 
and 1 was wateliing aloft for them when tJii^ sliip was aj>pa- 
rently v-'rajit in a hla/e of lin‘, aca ompanic'd hy i\ sihndtina lOfs 
<aa>li, vvliieh was eijua] if not siiperior to tin? sho(*k I frdt, in 
tlu^Tiieris: one (d' t!u* (douds In which we wma^ enve!o|H‘d 
had (widenrly hurst upmi the vr^sse!, and as the. mainmast 
aj)])('ared for the instant to he in a mass of lire, F lell eertaiii 
that the lightning had passed down tln> eondnetor on that 
mast ; tin* V('ssel was sliakefi l)y the shoek, and an unusual 
tremulous motion ef>niil In? dislinetlv f(dt. As soon as 1 iiad 
i‘ecov(U*ed fnmi the sui pvi.M; of the niommil, 1 ran down hedow 
to stale wljiit 1 saw, ami to see if tlio ('f)nduetors Indovv had 
been aHeeted ; and just as I entefed tiu> gun-n»om, liie]>nrser, 

+ IMS. IftU r with .1 «Jiiiu iii i. <iat«Nl July li, tifjui the Jlrv. <«,F 
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Mr. Rowlett, rnn out <*l' liis cahiii, (alonu- llio l)(*aui of wirn li 
a. main braiu'li of the eonductor passrdy ami said that iu‘. wa< 
sure that tlu.^ hehluiuii; liad j)asse<l do\V!i the (M)ndiiet(.r, for at 
till' ruouh'ut of the slax'k lie I'eard a sound lik<' ru>lii>)L!' watf'v 
])assin^; aloiiir tlie lieain. Not the' siitditesl ill coiistaiucnef*. 
was experitajct'd : and I eanuiot refrain tVotn e\pres^ilj.* iriv 
emniedion, tha..t ha.d it ii(»t hecni for tin* eoniliu lor rh(‘ rv .^idis 
woulil have' hei'ii of very serious nioimuit. 

- Mdiis was not tin', only iustama* wiieia- weeonsider tl»:n 
tin' vc.'ssel liad i)een saveil from Ijeiny danneietl hy liLihruint* 
hv Mr. Jla.rris’s (annlue!(n‘s ; aJid 1 Indieve tJiat in sa\if.ij!- I 
irnl I in* mosi ])(‘rU‘et eonfidi'rna' in tin* proteetiotj x^hirii jiio.or 
( ondindors ado] d?‘d le*, I exprc'.-s tin* OjMu.oti of rs erv odlit er 
a*n! ina‘1 it' llie .•-ii!]). 

Not heii!'.'' ^ iijiiid('ntJv aj'oiiaint-: d Avliii elei-i idixi! e\j;eri- 
ineni^, ! oannot rt'inark upon lln»se \n)U liavr* :nio'i':ro<l in :nip- 
ported' \ our opi'siiejns d<‘t vunetit :i! to Mr. I iai‘]i>'s rrn-:ii!i.tois. 

’•" J ean, thejad'oie. oiny rc‘pa'at niv (‘onvietiou that the Ik-aL’ie 
was .'^inu k i)y liuid^niiy^: iti the usu;d may. atid eerlaiuly with- 
out. any hiii nt! ('xpiesism oi; oi!a‘r ill (*:;'oris sin\;lar tt> tln^se 
\on iii'-i.-t on ii* ;our .Mnnals e»f ! di'elrieily.’* 

do. Now these faek* ;ire tidally .‘•dil)vei''-i\e of all Mr. Stiir- 

peon has ;ni\a\iet'd eoneeminy his eh..'stn:(dl ve iali'ral (’\p!o.'-iou 
i!i tile way of ohj-ndion io tiie iixinp- ( (mduetors in ship^-j' masts, 
aiid prove* in the mosI coin hjsl\e manner the* prot» edinp power 
oi* smdi enndm dors : his statement, tlierefoi e.. thru •'dcsinie- 
ri\tr Iali'ral di>s< harpes will aiwa\s takt* plan' when the \lelnal 
bodies are i apai'ious and near the priuiili\e coudiu toi nv in 
an\ of its mel.iiiie appi'udaues, ’ is clearly fallai Ions. 

do. ! is allowed hy wiiters on iiiduclive scienci', that voi 
wander fi’om tin* true path of ]>hi!o>opineal im|iur\’, ami take 
up tiiat <.d»assumpl iou ami (aiiijeelure, diri'illx we ('(*:; ^e to 
Maifv our pnmdpli’s hy auapp< al to facd.*?. Iii order to arn\ c 
at a ireuerai law <d’ ualure, it is reinii-iti' to examine 
a. preat numijc-v of fm ts liearinp- dna'ctly on tin* r|iu‘.-tiou at 
is>ue, auvl .du'W, that tin* prinei]>le we as.-ume is eommon to 
(hem all ; for if in auv case the assumed prin'djdi* is deeidr'dlv 
iiepatived, it is at. lead a. posrerful excejilioii ; and is he 

snllieient to o\eiduin our w hole’theory. 

If sueli i*xceptious arc numerous, any llu'oiy w hich caimoi 
iindude them is deeidedly untenable. 

It has lieen wi'll ol>served hy Ahercromhie, ' tlial in de- 
dueinp a, general priiu*i[)!e. -•Mvlien the dedm tion is made from 
a lull examination of all the indi\idual eaM*s, ami tin pemual 
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fact shewn to apply to them all, that is truth ; when is it de- 
duced from a small number of observations and (?\teiuled to 
others to which it does not (fpply^ this is falsehood.” 

37- In applyin;^- these princi]}les, we tind Mr. Stnri>;eon's 
assumed lateral exjilosion decidc'dly negatived in all the cases 
just cited, since we do not find anv such occur in the passaij^e 
of heavy disdiargeti of lightnhij^^ along the masts, &c.; we do 
not find, as ass<Tled by him, any thing like oloctricul Waves 
produced by the discliarge through a conductor situated close 
to the magazine. Tlius in the case of tlie Ihacinth, No, I. 
the copper })umj> r/ c, tig, 1, was a condiu'tor near tlu‘ after 
magazine. Yet the eha trie .sho( k, in j)assing down this ami 
through the shij)’s si(h', did not cause iiiteuse sparks .‘fmong 
the powder barrels, whose imMallic linings and ho()}>s rt^cipru- 
cally interchange them.’*'' 

3S. Again, we do not ilnd in the passage of a dense' ('xplo-^ 
sioij of lightning that the sailors are ne(*essariiy »siil»jcM'.led to 
latenil discharge, since in the case of the J^nake, it may be 
observ(Kl that a seaman aloft on the cro^s-tre^es did not ex- 
perience (iny scnsdtiifa whatever, 'allhongh the top-gallant mast 
was shivered, and a territic shock darted from the Ik.-cI of it 
to tile chain topsail tye. Now if Mr. 'Sturgeon’s views wove 
practically sound, this man ought to have hem killed on the 
sjxit by a tatend disr/ufrye,'' as he says liap[)<'m‘d to a sea- 
man called Wilson in the cas(i of tlu' Itudney. 

39. Mr. Sturgeon, iheridbre, if Ik? still adluM’es to his 
theory, is at last re(hu*ed to tin* n(‘ee.ssit\' of su})j)osing, that 
iiis lateral ciischarge may sometimes occur, and soniv'l inK^s not, 
which is manifestly in the teeth of liis own hypothesis. This 
instance just (juoted of tlu-s little' ellect expt'riiMiced by })ersous 
ill the vicinity of h(?avY electrical eiischargi .s i.> by no rnt'ans a 
solitary one, as tlie following extrac t from a letter from A<l- 
niiral Hawker, with which lie favonre'd me relative to the? 
damages done to the Mignomne, very fully shews : — 

’Tlie cireaunsLuices of the Mignomne being struck hv 
lightninL»; were these : slu? had been on shore, and was going 
to Port Iloyal, Jamaica, att('nded Iiy the Desiree^ we had a 
day I think the hottest I ever experienced in the West Indies, 
without a cloutl. After sunst?t wo observed clouds rising up 
from every part of the horizon with thunder and lightning. 
1 ordered the tojisails to be lowu?red in case of scpialls, and w e 
ran down towards Port Royal: about midnight the heavens 
seemed to bo one continued flanic, and soon after tlie main 
topmast was shattered into probably fifty pieces, scattering 
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i\ic s])UntcTS ill all directions; the malninast was sj^lit down 
to the keelson, and a sul[)luu*ous smell came up from the liold, 
wliieh oeeasioiiod some to cry out that the ship was on iire. 
'Fwo moil were Uillcid in the niain-top, hciiuj hiinit black, and 
having some splinters sticking in them^ and a man who was 
sleeping on tlu' Iowcm' deck with his head on a bag (tortile 
ship iiaxing been on tlie laadvs for i\ivcc days iUcrc were no 
liammocks) TK'ar lh(‘ armourer's hem li was found dead, with 
one black sjn'ck in liis sidti ; anoiktr vuui shvpimj by him 
nnf hurt r 

10. d'he nuniiier of instances in wbh'h d< nse explosions ot 
liglitiiing b;i\t' passtsl very near to persons witiioiit causing 
any serious iiijnry tvj tluan is remarkable. 

'rims in tli(" ('ase of llie ]hi///ard. No. 1, l)(‘for(? menfioiiial; 
tlie explosion at llie time of shivering tin* topmast [le.-.-c-d so 
near to a r.e;iman ealii^d llohert Ihirk, that it a.etnallv tore 
{in' shirt from his arm : he^ery fnidly shewed me tlu^ shirt, 
and pointed out the p!ae(' v. iuna lie was siandln:/, l/u*nl., 
lh)\, who <.’<mnnanded^thi'i vessc*!, and \sho was good enough 
to send in*' an ai'connt (d* the^damagi*, tS:c!. sustained, says, in 
alliisiou Is) tills ein imn ianee, "" i he lightning took a strip 
out of the sliirt ohoui.dwo jmdn.'s wide from the shoulder to 
the w list, without liurling him.'' 

No. 9. — In the instance 4*f th(‘ Hawk cutter, lately stru(‘k 
hy iiglitning on tlie w(‘st coast of laris, snd scarcely damaged, 
it ap[)ears that ihe (‘leelric matter in jiassing down llie main 
ijat(*hwa\ jiassed lu'twet'U a man and a. l)oy. Tseltluw were 
hurt ; tlie latter ex])erienfa <l a'-iioek only. It also passed (dose 
to auotlu'r man lying across a haiiiinuek about the same spot, 
who juinjied up and thouglit his ^neekhaiidendiief wxas one 
tire; tlie latter exjierieneed a teiiiporary elleet only on his 
right arm. « • 

41. All liiesi' eases evidently show, that no damage oeeurs 
from a sho(d\ of Iiglitning out of Us direct path. It inav, 
however, divide in the ahsein^eof any good conducting course, 
and liraneh out into a variety of other courses (as already 
observed) and seize either wholly or partially upon bodies 
which happen to lie iu certain jioints, as (dearly shown in all 
these cases, and in the partial fusion of the h'af-g(dd given in 
exjx'riment 2,* of iny last eommimication. 

Wc may also expeet to find an expansive ('ffeet of greater 
or less forc(? in the viednity of a discharge of free cUcLnritff 
uud('r the form of a dens<j spark, in a bad conduclinfj initrval ; 
as observed by Dr. Priestley, the air being suddenly dis- 

AniKils ot lllt'rtricity, \(>l. iv. p 
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givos a conciissioii to ail Uiehoiiios wliich happen to bo 
near it,’’ 

-1:2. It iscliijr tlirn-!bn* tlial in all e:isi*s Avlu'n' nijury or 
dr;nb Ins occ urred, as in dnoj-c' iMn'orc f.dvru ijj ihr 3.1 iL'uoinne, 
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; also in rlit‘ case* oT t!ic Adiol and l>u//ard. and 
S]iidx<', and in a i;n‘at varic‘i\ oT oiheixtc/o nunaaons lo drt.nl 
]aa*r. 

In lii<* ra.^i‘ of the’ I'ox, \o. 5, it is .vrrii that llir sliork fA 
l};^hlnin,ii* li daiuaj.’(Ml ilic* mast, svas ♦•ondiu ti d ^Nitiioui In- 
sion or damaj^c: by shrri ro])])rro| /jud oTan im li in thickr.rss 
}.larc'd ni tla* ^v;dvr ol’ tlir j^afF. '.riiis is ^•onclnsivr o(‘ she i.d- 
la.ry ol* M r. Sinri:r( jiTv asser tion, that anv c'caidnctor d 

to die n..ist vaaild, inHliM' tin* <»]:e;:iti{Mi ot li'ditnin^-, be pro- 
bid)l> ])e4*lc*d from tin- v/otMld' 

In tlje ease' of llie Kin,L;'.sbrii]p‘ 5:pire, No. n. d ue lij^htnini;’ 
wbirJi slnxcu'c'd tli<* lowe r, tell on a eylimbic al iron rod ol an 
ineli diamete r wirlion! pi'odm in;.* an\ efli-el on it. 

In llu* <*ase oi iIm’ Ibxlm’V, the flash whirli set tin top on 
fire and sjdbijejed the* m.ists, A\as eonducled l)y a s.hori eopjx'r 
funmd li)r !o};-j,i;al]an< rii;\u;i)i|Lc ^\ith^^ut fusion. 

In tin* ease ol llie iJeai;’]f', No, 7, a shoc k ofriy/titnini; pa.ssed 
down ilu* eoiidtielors willjoiit prodneinj.; an\ c’fil cl on them. 

No. 10 A ln>nsr Wiis stnu*k al l\‘n<erdc-n ; the* li^htnin;'; lei] 
on ;ui iron l)ar tliree-cjnarlers of* an ineli sejnan*, bnt jirocluecal 
no c ileel on it.^ 

Xo. 11. A strobe* of liL»htirm;.>’ bdl on Mr. \\'i‘st's honse, at 
Plii]<idel})hia, havinL^ a ('ondin:tor tcn’minalini^ in a brass lod 
(cm iueln^s long and <( ynr/r/rr o/'an hfrh in diatnefer : only a 
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few nU'lll-S of ilM lis-l, li 't 1 <1 

to (lie ■ 

No. 1'3. On i;.e I’.f '.lifil. !‘''.37, cr- <•! l';i‘ l;,y;.-e N. w 
’^'ork pack.'l;., in tli- U y-- ' I';'-' 

nio^l. iOi'iul s 'll I:-;,!.'. 'm o in t i>' s .o. e I 

jiv:-t slioo!. vooM'i-n 'o. <>; d. i li. 

Till- .■-..vi. (.■••ni'-.-a o'oakv:.,!- :•.^'.'o.-e,olo■,ul_v 

),ol.■i( .1 10 l-e, (■..o-iMni ..f 

an ir.ai io;’ ■ < ; ;; v r i>\ ai: ii < o liiU i-; aia.i 

[WO lia'; iti Iro;.,:!), ;';ul ta'iio-i i-.o, iW carli .ai.i.con- 

Hoei.-,n.y ..fk.o xoae !.o , ,oi<l o,... aiiiailar 

oia Oi; '* a' ' i ^ o .. c a ‘Oat* 0' a . *.'.o ['■'/;/ // 1 1 1 ' i 1 o Oi 1 . a i | i 

.,1 [!, . 1 ill"'!) ilrit'K an'l i’aT li,;.'.; i la; 

j'o'-.ai'i J.'V 'o . • / -'f i‘ • A Oj''.!*, aiat .3‘t a‘w.'{ io--:...]; 

iiooM k!’ '■ ! 'O-;.;; i' "■.■'■■■ ('i joiolial 

,:oii <• t'.o o:,;.-, r.- o-i ■ t a. ■■ 'I ioa ro;' was .ally 

f,,. '.o ■ ry.-„/>n!. 






• .''V;* 'i '■ > I ! i i il(‘ IS 

i ,,}■< *, ...N ' ‘ ‘M' I:'’’.* ' f'ti yifCfiJHH 

[ i o if f i i-nr . ^ . ii . miIj ’ . ’ 

1 I No ".oiui t o, ; :■ : ■ i:i oiia; aaiiaaor-; <if 

i‘;-j w''"' ' ii-'**'-’ ,■ lO' ir'ii'-".' ff' 

\ ,!o r,')! a.i iVii w'kw;.' ■; ‘••■o tl .am- 

iliii-iov |.as..'jio (ii’-oro-i; ■ '.. ’a n M-.a;.]!i,ao o; f. irolmr^li. It. 

'..i r.’anv no cvi-;-.'.. ■ ■ v ■■ ■ 'oor ..a a soioiali',. oif s.jon. “ If 
.v//./'!o!.,.riMW Ac S-o:-;.;t a.- to;-.! t’ ■ 'loi '.n'-oy r.-.l jiassiiiK 
lli.-ony,li tiio Noi-o-a '.ioiai.a.".;! las' :'.- '. y so iis h-Jitno'.;!; 

til it i'i' .-Oill'l O'! In- l-iOilic; i'V ia.' ii.io'i i'/ li'!- j'lst pfi's.iil, 

wli.i viiite'.l it iiUi-rwoi-.N. r. u,,;, '-. lo liaae 

el i'i^ed liclv.aa'ii too lia.-it i s- oorM.'.i .aiio.aoy ilie i.ionsi- 

llu- !«'oliiiii!;ity t.ool.l !«• I’oat ta.- ro-'. '.i.-.or ii n 

liKui;' n'l’-iiot.” 'i'iii.s is of i'"' -ai'io ch;--. 'r.''':- v- >• a .-li Mr. 
Sturo.'on'.s (!aia ; it is ;.o't.'or.;l!y atii/in'O, tl-.'; .. ll..,; 

realitv; it jnst ainonntis to no; iln t. 

■l.N ! asn aw;uv ilf.'.t it it:;-' lasa-i iii- > .s,'a,...- oy, ' .;ie y'vj.t 

roinlnclov.s oi Si. I’aiil s conic. i v.cio ii'-ao’,, ii\ p oi... 

it is onlv Ji .s.v '*■’ t‘'ai‘'.nc;o'-.s^ ni ic ii ■’ i'.\aii i.-’a 
before tile lioiiiitin^. cjiich was»c>!.! io iiC' c a!:l -n on ia 'n., 
occuncl, so' th.-d v.-c < rn:;. ’.a- crrir.i!'. th'c i.c ob.sc.-v.si an- 

\!eavaiKa!s wiuv n.,»t oii pr.-sent alter i!;e ior;!,in;j: ol l.iein; 

it i.-!, besides, verv nidikecv' ibat a str.ike ot liybtniu;; .-aonld 
have fallen <m this liuildiir-, vaii-iblo of venderin;; b irs 
.six inches wide ;uul one inch ;uul ;i hrdl tiii. k. le.- .i oi.i 

Voi.. .-No. 3.0, Jnhj, 1 ii Itb 
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destroyini^ iIk*. tliln ropj cr covcrinj' tlir ball and cross on the 
doino oi the hi Hiding, and witlmnt crash of the thunder 
having bi’eii lieard ovta* t]u‘ avIioIc citv, no incnlion of which is 
7nade; v. hcn St. Ihhh.’s steeple was stviiek, the latter was pe- 
culinily roinarhahle. 

40. 'riit'H' is anntlier instaina? on record of the cjiccts of 
Ughtniiig on an iron rod, in Port ihnal, Jamaica, incntioned in 
the transactions ot the Royal Sociel\, t]it‘ evidence \^hi(;h 
seems very ineonpdete. Two men ant said n* have ])erishetl 
l>y lightning near the churcli wall: that is not im])rohal)le : 
but, on suhse(|m‘n(ly looking insid't the wall, a l>ar of iron, an 
iTU'h tliick, and a loot in Imgth, ^\a^ lonnd in many ]»laci‘s 
wast('d av/ay tt) llicsi/e <4 a iiiie wivr. \t>n ii doi's not a]'|H‘ar 
that this har was examined pn‘rtnushf to the oc<‘iH7ciice Oi (lie 
lightning; hem-e Wi‘ cannot inier tiiat the wasting was 
iluced hy the (‘lectric fluid; more c^jiecialK' as simihir ap- 
]H'aranc«*s are not nneommon in hars of iron ('n cli'd in ehiua li- 
yards in tliis e(MnUry, and wliieli have evidently resulted from 
oxidalicju and tiimx 

47. hei'ing ihiMi how much iderna^ wv lia\(' from ac tual 
ex])c'ric'n(a.' ol the*]‘rotc*ctivc* c'Hecl of rc'gnler ecmduc'lors of* tlu^ 
worsf Ivind, and tlieir power of transmiiting- dens(‘ (‘xjdosicucs 
of lightning, W(' may reasonahly inlia that a eondnetor of eop- 
per, equal to a rod ol‘ an inch dianu'ter, and twh^ndiny (liff 
whole ienylh of the niiist^ \w>iihl he proof against any dis- 
charge of lightning (‘ver exjx'ric maal, as, 1 think, is :die\vn ])y 
the cases in whicii shi]>s (ittc-d with my ‘conductors have been 
struck by shocks oi lightning without da.mage, 

•Js. k.xeept.ions. hcewever, liaye hca-n taken by M]‘. Slmgc'ciii 
to the pheiioaiena des< rihe.-d by ihc* olliec'rs who eidicT cajui- 
mandtal or wtav in »lje ships. 4'lm> (/apiain 4 uriier, in de- 
scribing tlie shock of lightning which fcdl on the I > yad iViga.m 
on the coast ol Alrica, s:i\s, that In* saw tlu* lightning on lljc 
ccnidncior on the* lcM*e-nia-t, and s.jiw it during another Hash 
run down the mi/eii-masi ; tlial all the men thc-u* lieard a loud 
whi/zing nc4se” (’a|)tain Kiizroy and l.ieut. Sullivan also 
mention similar plienoim na. Now the' exce))tioiis takcai are 
tlic'se, viz., that no noise is c'ver producc'd by ehoctiieity c'ntc’iing 
a condnetor, and that w<* cannot ])rodMce a running liglu/' 
Uj'oii a eondnetor carrying an electrical charge*. 

Tlic*s(' excc’plions, however, are ralhcn* eaplious olqc'ctions to 
forms of c*xpr('ssion, than to the faets thi'inselves; it is easy to 
shew from expmienee that Inminc/ns a])pearancc*s an* often at- 
tendant on discharge's of hoil» natural and ariiilcial electricity. 

Tims in the case of the Hawk, No. J), the aecount state's 
that ‘‘ the vessel was apimrently eiivc'loped in a Jlauio of light- 
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iting whilst, In llio case of tlir Linit. Sullivan says, 

on aloft, tlu* slii]» ^vas a]>]mvully in a Mazp of (ivo.” 

Tn tb(M’;isr of tlu* Snakr, Xo. tli(‘ olrciric IIiThI is said to 
have with an iiisiantancuiis explosion of a vi\i(l 

pin]>h' (/(dnr. 

When Il.M.S. Norm* was slriu'k liy lii'litnin^ in Port Royal 
Jjarhour, llir olcctiic /luid was ohs<*r\o<l (to nso Admiral Rodd's 
t xprt ssion; h> ^ ahsninO l\ stroani down a rtaidiu toi’ altach(.*(l 
to tlio mast of Il.M.S. W'aniniv' close' ])\. 

Snell ))h(Miomcna arc J)csi<l<‘s remarkahly ch^se' to tlu* O'snlts 
of c\| »crimcn(s : linis a iica'.y sdock of cicctrn-iM , [fass(*d «j\'er 
a nnMaiiir wire, in a ]'.ai!iaily cxhau-Ntcel vccci\a i\ will exhibit 
a lran.-i('n! 1\ passing- {jnjp nn iiv sui-fa^ c. 

■R). 'Tin* wiiiz/in! 4 ’ noi.M* is (jtiiti' in ;!(‘(‘unlaiH‘p with com- 
mon (‘Icctrical « ilj‘cts. f‘ iiiva.riaPly (fcciiis wluai ri ^.iood 
eamvluctor rt‘cci\e's and disarm'- an ^‘\!’]o^ion hy a pointed 
('XTH-niity. Mr. Sl!ir;;'<a)n, iiowcxcr, asserts lliat ‘•no such 
noise is ev*‘v pro^lma'd by lie* /b^/r/ vuli^riny a nielaliie con- 
ductor.* 'i’‘ns is e sopjjisi ly ; l«*t any (Mte aPeiript lo dis- 
ci). up;e a hii^hiy < harass] i*>r.iTe ry b\ ai* acutely ])ointed 
coinbictor \ c..'c;)t p.:pt of llic cOaPa:c iimta diiaJch' i-usli 

i(hvou.:j;h or toN\ard> tlie ])oin! with a \\ hi/./.int;- noise. Now 
llie sij-almii o( < uMKi may Im‘ citlicr ]»o>it.ively or neo’;Uively 
elcetrifuMb and Nslictlior ilu* one or tla* otlu'r, it is eh‘av that 
the rush of e-leeliieity from a ehjirji;*(‘d .^urfiee nuvard a point, 
ov from a. ])oiul. lowarels an unde'rchav»i;ed .-Hurfaee (aecordinjj^ 
to I'laukhifs liy])othcsis) will lie ahva\ s aiumdcd hy a. wliizzinjj 
noise. • • 

ot), 'Idle ])rot(‘(‘ti()n whieli eontimious <*f)nduelors w’oidd 
.'diord if well and t'ilieienily applied lo s]iips is, 1 think aj)- 
panuo. in all the ]»r(‘eedint;' fc‘as(*s, and wla*ii we eonsidtu* that 
the masts are tlicmselxes eomliietors of eh*etrieit v, ami that hy 
their position alone lh<‘y determim' tin* c<»iirs(* (»f (lie diseharj.:;e, 
into the, body of tin' imll, it becomes tin* more* ri'c[uisite te)allix 
to them ;^ood eemdm tors, whieh ejiiieldy dispt'rse and ivduee 
the eleetrieal action to a stale of tjiru'seenet'. 

\\b' lia\(» ] tliink lair ('videnee of (his in the trials hitherto 
made with ihi' eoniinuoiis li.ved^ ('onduetors aj^plied to certain 
ships of (h(* Hrilisli Navy . 

51. Tltese shi])s have been exposed more or less in all]»oints 
of tin* world. Jii! 4 ;htiiin" lias not fallen upon them oj'trnrr 
than othi'r vessels not so lltte^d ; and and when if has' done sn no 
damage has arisen in any way, or has any destniciivt* lateral 
ellect, such as that contended I’or by- Air. Sturgeon, taken jilace. 
llis comparison, therefore, of (he cllects of lightinn^^ on the 
Rodney with the. prohubfe rlfects’ (a.s he terms it) on my 
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conduclovs, lu* ran ii’id in* iri'^tanco o( such probuhlc 

effects, is tin-icinn-. ynrc'lv lix If 'Mv. Stnr^ron lias*, 
no go{)d rini.]a'nii(‘aHal i.k I <'1 rvolrnco 

1 have io , ei wii i? is I; v ];el!!elical n* lo{»se 

n;;;^>init)n lie ve.ay lni(i !■. C' /.rrcecut 1u ;.e*vai:e/' r 

cr2. [h- - iVe n)i:eA:;e . i ■' ■' ic 1 eaoiKJf relVain 
from 1 jomin'U' ay'*!:? j. oi Ins \'ie'As <ni 

tills ntjee^ sirf ‘-t ? iv '•<*■. • 'f’-icc- i-‘'> il.iir.'erejis 

aval ( 'f ■<•' ee^v *',^5 ' 'v' • \ < r"^ v-* ■ V" ; , “ ' e-'' e. ::!e<! #•; iu- 

t -y.- ^^h» le iUr 

ii«.‘ -In'e t ij.i“ > e. L’ e^, ■* ' V- e-y.‘. t^e.. !»•* 


Si::\ 


s«'e. 


< a " 


h> ih’- 



a' 0 y-.\ ' V- (e eel lie! j--h; e{e:'/j?h 

, U . : ! •■ \ -a. 

i‘‘f ••/.:■/-* ' o' .I- ( • }' '/ .-’{'ft,-: «>/ 

/I . r*//,’. ]! sl-il ‘le - 


sirahle 1<> ri!.,;: av; v i 'i eavdoef^e's : mnl 

perlia[)S v ieeii y iukid ;j\ r th - \ 'Cr : ire-jiaL’ t«> jIk' mr]i, 

would l?e sO.'i' soi eupfh' c (yf ml<f <>/ I /h' ttmsis re- vv/A/- 

l}ftf (<> the pi<(H pCifjHj x'ffj l,\j .]//*, fl/'CrtS, Ji, ov, , I tilillk, it 
luusl ]);' elv’ar lo lyu niu*, .ea' li'c.n s;s e.n oe so <)lrj<a lioual^le 
as 1 j(.’ ls:i\e it >s d. liu' ;.o‘«e,im!s a])e\e sialtal, it 

must hi‘ eijiiah'.' t >i;jee.' i» j,;a‘ ‘le ou t» .o~,a’a!laut masts; the 
li\-^'s (»!' tiu’ smier.^ are josi as mia-u e\j)*»: d theix* as at any 
Otlu'V 'iMjiiU, ])eviiaes- meie s-'.. Mr Mi;r> t </ji J'iisjseif ;e'!n.its 
that itum vo*H' Idilisl tin re. iu iii<‘ e;ee of tin* Ihalm'y. 

liiil ley iiis aduiissum ai'»eve. (aiuii'd, my VJieiljnd not ohjee- 
tiouaoh' i.u liie i<*|»-auiiaui ma.-U i>ut is ou llie eniura.ry ealeii- 
lali'd l<vaw’iyi "* e\i‘iv spiM-iesta (himagt* to the >.-el am] e\erv 
elianei* ei’dauger loihe mi'u d' ii‘so,ilmus( ))e e(|uall\ I'llieient. 
on the to|>-teas(, lower ma.'l* Cve, d’iiis sort (d uin erse sailing, 
to us(‘. a nauii<':;l j-iira: i‘, is not a hitie amtisiug, and is, I 1) lievo, 
Cjuite fri)])re<’e4lenie(i in any jia] a r <!i) seienee. 

5d. In order ihai no mislake may a.rise iu resueet of' what f 
liavt* advauee<l vi latlng lo lah'val explosions, i may in eoiielu'- 
j>iou sinn-j\ stat(‘, that, i do not dieny tlie e\]';insi\e Iona* of 
a deV'Se eieetric.'d I'Xplosion, and its desiruetn *• ellla t on //;/- 
perja i and Hon-i <iu<hfcl<trs^ I do not deny its eJli*rl. in causing 
cx]'ansion in tlie snrronnding air, which I rathm’ choose to call 
w\\]\ I’riesdi. ^ tlie laleral roiu J'. ot clictrical explosions,” 
than (f hflci nt e.vfshisiou of ele< tricity. 1 <lo not deny this in tlie 
ubscnctMe ally regndar s\stcm otd-ondnctois, or tliat tlie dis- 
charge may lUvidc in several <lireetions, and in distributing it- 
self over (he hull, may cause dense sparks and othm* cdectrieal 
anpearanees in various ))arts of lla^ vessel, hut which would 
not app<xar, ir a perfect sv'~tei)) of <’ondnetinm such as I have 
prf»posv<l, were re^mti'd (o 
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1 flo, liowt'vrr, (l«'v.y llit^ ]u*<)]Kil}ili{v nf niiy l:Urrnl 
of rli’i'iric matt:*!’ iV'.asi ooiMlik-iiny; iraMMiiitiin;:; an ;u> 

(‘Siiiiniaij! j!i her-vcrii npj.'o*- sii'lv MU^aja-s, as assihiuMl 

hy sv'M'imI iuija'rfrci 1\ a-vunainO <1 (ualiiiary i-b'c- 

tvical iK'tion. and la'a-is !>y Mr. S>urg<**<n ; ajid, I inainrain, 
tijat i]<'idjar ai'liii<'iari\ , nnr in ilir cfinrs** ol' ijanne, ea]) any 
iiiSuiiu't* of Siirli laoci.il t'\:-losioii ho ;uit!ieinKaU(‘d. 

W . ^''yrry\ .11 Altai <. 

rfuiioni!;, Aku\;1i I i. 

‘»l \ii\< in^Jsicd on hy M’r. Sni’ pi'r*]), l/har a shock 

of ii'.diinli;'*. (!c.-c{'n<iit,a' a c.>r.iiiiiioiC‘ <-o!i<h;cior on tin' iiiasf, 
’Aouhj hi.n.'rc j'i ‘‘,c c\t ;\ cliro{!«>n‘ci! r in lia* cainm iMo- 

■iiioir. Sect, vn r ') 

This as.'iininti !'■' {*'= •!o!c''']\’ in j i\'cH. h\' I. a' iiI/OVO 

<|not'.al. In icn I . an a^■'i:il Mi;.ch.5rg-' (h*'- •»•[. ..-d an iron chain, 
and \ iJ i.'o i;: njnede ch» i .is o:c.! r\c.i<;(‘ on da' ijci'.dihoinii>g 
conij.a'-sc' , (‘i‘ on i!!-* clj’-cnoic,. icr io fi:c ciii.-ln. ilisonl\ inlla* 
/.c " ol !. oniiiiiio*: . nM:ctir-. '.\c iind:-!',*, oia;i;i)ciic <diccf<ij 
and c\ ‘.‘H ihcn Ssa-h.' la/*’ coni; :c;’ d\c!\ imic. Really, 

Mr. o in. do- -4; nrno. r;n.<lj;>i a ’.•••nhaiS, il is ahuc-s:t 

i;nn* ac,ii)jc P) aiicnd |o ii.-c:n alh 

I X.‘ - Mr. Sn tinKoN's to \^ .Snow Harris, Esq. 

i'dK.S. lilt difovd.'t’ J ii^jiitnlnif ('oAdialors, 

Sir, • • 

Wiinii 1 h.'id ^iiJi^hcd iny ia.-'i hutcr to \ vv.y 1 made i:]> my 
mind to decline any fiulln'r notice* (»i yemr impoUmt produe- 
tlons in defence of that extraordinary, ninuM e>sai‘ily e\pi‘n.si\e, 
and (cTta^id\ the ino>t nnsei»‘nliiie mid danin'rons plan of 
marine iiiihlning <'oiuinctoi>, tiiat could possihly lia\o been 
tlionght, of i)y any one idaiining tin' character of an electrician. 
r»nt. iin<iinr»N in the ]n‘('eeding article, a. few descriptions of the 
oli'eet.s of liphrning on shipping, w hich, if eorrecl, can hardly 
fail to lie intere.S(ing to tin' eJectrieian, I haxenoi lu'sitated to 
give tliem a place in these Annals; and as yon have laid con- 
siderahle stress on tlu'se events, as sure indications of tlie in- 
fallibility of yonv elci'trieal piiiloMqdiy and lighrning conduc- 
tors, 1 have again venlni ed a few' remarks, not w itli any Impo 
of eonvineiiig- you of yonr errors, or ratlier of yonr acknow- 
ledging them, hut to shew' you that a V(*rv diiicrcnf I'x plana- 
lion to that which you have atteinptei], wouhl look i|nite as 


^ Annal? uf l-.ilcclriv.'i1y, f^r*. vi>I. iv. {». 
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plausible*. to account for some of the effects ))roduce(l by bgbt- 
ning on those vessels; ami in order to facilitate the compari- 
son, I will, as on former occasions, follow the mimorical order 
of your own paragraphs. 

1 think that I may very justly remark, ns an introductory 
proposition, not <lliri<'uit of demonstraliou, that, Iff litre hr no 
moliri‘ hrijnnd thr propatjation ol ii'iitfu one of the causes of 
your (committing so many errors in ralculoting on tho <‘ffeei3 
of lightning, is siinply hy your imagining that all discluu yes 
of VHfhinlntf are alike paiverfnL 

In ])aragrap]i ‘id, von have*, no don])t, giv»'n a very exact 
at’connt of the (limeTi>ion^ of tin^ diain lopsail-slnan, and of 
tl)o co})[)er ]»ipe of Ilearie’s pnm[>. '1 hen, ia*(‘aus»» each link 
of the termer <*on^iste(i of two side's, it was vtrhialf// composed 
of two iia)n ro(is, (‘a( li of which was half an im li dianu'ter from 
one <?iid to tiu^ olh(?r; and as llw' latter was three inches in 
diameter,” the eop])er sheet of which it was made was uni- 
formly nine inch<*s hroad. lienee liie topsail-sh(‘et and 
llearle’s juimp were no mean condm tors, even eom|>an‘d with 
your owe. ; for the co]»])<m* pipe of the pum[) w as nearly oi the 
same transverse (linu‘nsions as tlie ol yours on t in* 

7)tasts ; of mueli greater transverse dimensions than \ours on 
th(* /ey)-y;n/.v/.v ; t w if'c the transvtn'st^ dimensions (d‘ yours on 
\\n^. top-yallant masts ; and more tli-ai twice the trans\erse 
dimensions of vonr royal condiu'tors. Moreover, since ‘■'the 
effects on the iorc-mast were very similar” to those produced 
on the main-mast, we arc led to believe tbat: (*a(.*h mast re- 
cei'^ed only one half of Ibe 7nnin stroke. And again, by eon- 
pidering also, that earh mast alone would carry .-onu' ])ortion 
of the lightning to the sea,'ihen, taking all tliese eirenmstances 
into aceonnt, and also tin* proiiahility of thi.-^ Hash l)eing«very 
far fr(jm tiie most formidahle that occurs, 1 cannot see that 
this case is any proof either of the efficiency or inefficiency of 
your conductors, ii(»r can 1 see what advantage you could 
think of gaining in defence of them, hy bringing such a circann- 
stance forward, in w hicli the conductors which vvci<^ not injured 
were, in s(»me parts of the ciicnit, more than four times tlic 
dimensions of yours. 

Paragraph 28 may possibly lie a veiy C(^rre(‘t acnanmt of the 
effects of a flash of lightning on the Athol ; and so far as de- 
scription is concerned, it is an interesting paragraph. Bat I 
do not agree to what you say in paragraph 29, viz., tliat 

these effects are similar to the former, and shew the jirotcc- 
tion afforded by the ehains, and their power of conducting 
heavy discharges of lightning because, if I did, 1 should 
have to acknowledge that all “ A cf/ry discharges of lightning” 
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were of precisely the same ))o\ver ; wlii(*h would be the very 
opposite to the views whicli I take of these operations nf na- 
ture ; and, what v.ould be worse still, if possible, 1 sliould 
hav(j to acknowl(Hli»:e that haff a /lash (f Jif/IUnintj ought to 
pnuluee precisedy the same effect as the wliole Hash would do, 
Tliis, as I lirst. obs'crved, is one of tlu' rork,> on wliicii you scj 
frctpiontly founder, 

Tlie (‘fleets of Iii»htiiin.'j: on H.M.S. Snake, as di. scrlbt‘d in 
paragraph liO, arc also v(M-y (‘iirions and intero.-.nng ; m«>o.\ 

espcicially if Captain Milne’s account of tlui route of the elec- 
tric fluid he correct. Perliaps you can exjilain why tln‘ elec- 
tric fluid juinjx'd from within (‘iglit. feel -of the deck ” to the 
saddie of the main boom;*’ and by what rouU*, from the 
saddl(‘ of llu* main boom one iiortion passed oiil ot the fjuarler- 
deck |K)rl t(' the sea. ” 

Paragraub fll is an obvious indicalion of tlu* limiled views 
wbieb you ha\e of lighiniiig, and of the corri>(‘tuess of my lirst 
remark in this lett(‘r, viz., that yon consider all flasli(‘s of light- 
ning 10 he of tiui ;^ame ])ower ; and that the powcT of half a 
llasii is C(jiial to tha.t of the v,li(>ie ibi'^li. d‘lii> infma^ru'e, you 
will find, is elijav eiucugli, wlum you ('ourpaia* the disci'iptiou 
of the two events aliiu?i*d to, in ihi.- paragra])!u in which yi)u 
say the liiiz/ard lost her top-gallant and top-mast, under 
precisely the same eiiaminstanec's as tbo^e of the Hyacinth;” 
for it is obvious tliat llie Hyacinth's main-mast was struck by 
only luilfoS, the original flash ; whereas the mast of the Buz- 
zard was struck by tin* irholr flash.. 

d'lu* onlv iufcr(*iUM* w bicb, in a piiilosopbit :d point of vif?w', 
can i)e drawn from your d'Jd paragraph, is that du* 1 ox r(‘vc- 
nue cutter was struck !.y a comj^avativcly budile stroke of 
lightning: although, from tiic inauuer in which you appear to 
apply tlie i^ise, that paragrajiti becomes demonstrative of your 
belief that all flashes of iigldniug are of precisely the same 
power. 

You seem to be very desirous to shew your readers, that 
‘‘the copj)cr usually placed about a cutter's mast is not. the 
-.jkud ])art of an inch in thickness;’* and that "‘in tins ^'ase it: 
remained perfect,” Now it strikes me that some of your readers 
will ask, why you did not give*them the ot/n^r dinicusiuns of 
the copper? A candid, scientific reasoner would not Jiave 
left them in doubt on a point of such essential importance in 
varying the eflects of a flash of lightning on tlu* metal, Ibeii 
you owm tinsel experiments f^ligs. I, 5, and h, plate vol. iv.) 
rnuht Iiave taught you that a broad strip of gold leaf m;iy re- 
niain perfect, liiough it lu* traverscil by an electric o'iscliargo 
which would desti'(»y a narrow strip of llu; same thickness ; 
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and that a still more ])o\verfiil discharge might have dcvStroyed 
both of tfumi. Whellier or not there he a fatality attending 
your phil()S 0 )>hv 5 over uhlt li yon l»ave no controK is not for 
me to dolermiue ; imi there seems soneething enrious enough 
in placing tlie po\^(‘r of a ila.-h of ligi;tihnir, whic h just inr- 
rowed” tlie masi of the Ko- (*'iitei% on a p«tv wilJi tlu' jeowor 
of tiiat lla-li whirh jjnjdiu'ed sneh tremendous havcw* on 
board llu^ llodiu y, or with tiiat vdiic'li desiroyed *M)otii the} 
fore and main-top masts and top-grdiant ma^ts ’ id' the Hya- 
cintli ! ! ! 

^\ ith re^pc*v‘t to the (‘iteets (d* liglitninu' cm “ tlie spire <d' a 
elmreli at Kingshridgc'," as deseriht'd in [laragraph I. can 
hav<^ no demhi of your having a vmv correct iii‘eount lr(>ni the 
llev. CJ. i''. Wyse : and I liave milv to rcMuierd same' fa- 
vemr on your part, wiiilst von rc'ad an acecnint of anolhm* Hash 
of lightning, tlie efleets of whieii v. oro also lieseiihial l;y a 
reverend genlimnaiK 

On till' ’.iStli of April last, th<‘ bisliop of Xo\a Scotia, in ecim- 
panv wiili tlie lu‘v. iMr. (.'ardwidl, ealhal^at this Snslitution, 
and milerod into a coiivi‘rsalion with in(‘ on the suhjea-t of at- 
moNpherii' elc'cirieity. d he hislioj), wlio is well a(*(juaiuti‘d wltlv 
electricitv, deseiihed several curious eilVc ls of liglitnine' wliieli 
liad come undcu' Ids own oh-mnatlon. On one* occ asion, wlmre 
lightning liad struck a conductor which was fasTenc‘d c-loso to 
the wall of a huiiding, a portic.ui of rlie bric.k-work heddnd lh<‘ 
condiieror was erusiied to pow(h-r, and a d(*ep furrow, ])ara!lel 
to th(^ conductor, was made in tlu‘ wall from lop to liotlom. 

At ancjther tim(\ tlu! idslio]) saw a flash of lieiitidng ascend 
from the earth to the clouds, lifting up., in its ])assagc', a, great 
(|uaiitity of the soil and ol,l]c*r e.irt!i\ matim* from the s.nrfac.:e 
of tlie ground to a. gnait hc*iglit. 

Tlic?se two remarkable ciremnslam-es lading dc'seritanl hy an 
eye-witness of sueli high authonly as the bishop cd' Nc>va 
Scotia, may justly ])c* regardcal as <‘\ceeding]y interesting 
events in the history of atino.^piieric* cdec-)i icily, d’iu^ furrow 
being made in tin' wall behind the conductor, is an excellent 
contrast to the effec'ts of lightning on the spire of the church 
at Kingsbridge, and shews that, althoiigli tln^ iron rod wim 
sufficient to conduct a tfash of lightning of a candain force \Aitli 
safety; yet, the Literal forc'cs of a still more powerful Hash 
might possibly not only furrow, but totally destroy the spire 
to which it is altachcal. 

Your 34th paragraph is merely a copy of T/ieut, Sullivan’s 
letter already printed in these Annals," and, therefore, I 
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liavc' iiolhius^ fo ivinark upon it in ilji-; pkna*, c»\i (*ptiiio- 
iliat. [ iiKiv ])<‘ ]»cnnittc(l to say, \hrd ii is ivi\ .■.lin^jiv in- 

([(‘.scription ol’ tin* appaaraiH-v*'^ on tiu? L>na-1 * 

;!t ihn time sln^ was .snpjtnsi'd to l)i‘ stnu lv 1>\ liyjitnin;.', ainl, 
un<|nr>tional)!y, is the best ih‘seriptioii of tla»se a}‘;p(M]’ani'es 
{hat. has liilhorto ixnni yiveii : ;tinl so xery dijlernut to that. 
:jlxen ];v ( apfain J'’il/-Koy,t that thc\ smircM'iy a]»j»nai* to r('- 
lato to the sanu' (‘viait.. 1 do not set*, lio v.ao vs*, that oveii 
I/x'Ut. Siilllvati's lieserijit ion i‘iUi Ix' (ain.sid(‘re([ to he "Mo- 
lailv sidiversive of rjr' that I liave ;i.iva;i(*ed{ eoiicernini: 
ah -i laiet i\ e l;it(n-al ex phasions/’ 'That otara.n* e-jral'dly aekiiov. - 
ied'je-: tiiat iie i-: not r-uilhaent ly ae(pn.int<'d \xirli eha-t rio.d ( x-- 
;>ei-i;n(‘nts to e.tler any rt*;na]‘ks on tho.'<* uhieli \ have a<hhi(‘ed. 
\ov/, >ii’, ha<l you also aeknow ledyed that you w ere noi sufli- 
ly ac*< juainttal with at uH)splx‘ri(' (’hx-t rieii y to odler any 
nnuarks on plieivurxnia \vhi('h 1 lia.\e d('‘erilxxl in rny 

Ihurtii irxMiioir, J siionld ha\o considerjxl that yon. also wine 
enjoyiny' the same ho]n)inahli‘ ftx'dinir.-.. 

’I jse pliii- >s.- }j »] u ol^ p.^ray lapli -it) is ext- rdiny 1\ yood ; and 
\ he’ (O'! >sii’nle s doeirine is pt >;Ce('(1y apofn able in th ' liiir-eut 
; >:.ir,ee ; for ii'xj.or idras < »|‘ at nx »]i' lie eloriricity |j el hetii 
ih'-uf d ivoin a siu'Jieient •luenher <»!" r.n*!s eed/e-edi li ian \»>nr 
own r)l >s'a \ aiion.-, tin's would hro e la en i-un !*! nnu’e (‘oiujire- 
heu'-isi* lli.'U e.t J•!esent; i,>n{ Iroiu a xrani <1‘ th.i; expin’ienee. 
.o e-.si'nti;d to (!;r t’ornuuion ol a sound iinhr.n'nT oi’nl] ilie 
\ariet^ ol’ ;iOuO''ple'rjc’ ('ieetrieal operations, and., l«> dis'iinyni>li 
4M '• eke^^ oi' lliein iVean iinoiher, \or,r v ir-.:s of tliis 1 )nn].-h r.t' 
•;i; : <‘i< nei‘ are uj*eos^aril r \ erx riinio d ; ’'o..!., bax iu;*; e- ■nfe'-sed 
ths.t X on liaxe no .•uajiia.iJiiance whaiex. r uitli s.nin pin nr eler- 
ti’ieal li is not to ]»e expret^ d^ ins{ •, im e.'ji aiix 

unowh'diyv ot t]i( sjdunxlid j IxnxnneiM vin -'i :he\ prixlu* v“ on 
hii;ii eh'xatv**! <‘oi .tlueiors. HTnics' n is iJuit vai ta.iu'o 

into « ri'o)- hv siipj’io.^iiiy tii.K iiie !)ry.;d and i' ‘:jy]v‘ wert .^fruck 
l»v liylitinin-T ; ihonyl) to a persvxi '\e]l exj-enrnerd in eh.‘er,ir;d 
kite i‘\pevinieiils, it Ix’eomes ohvions i'lxmyh ilial llie liyluuiu:; 
■-x’vei; stnx k rjiher vessel in the c*asrs edbith'd fo. .\?nl a ja r- 
son oniv tnoi! .nihd j/ aerpiainted xvith eleelro-niee.o.iedism ’Aoulti 
knosv well th.-ii lin* priiiiiiirr diseharye never traversed li e 
lh'a!.d'‘’‘S nmin-ULi’ni, er.inlinetor ou^llial occasion. 

Whilst w riiine; ]!iv I'onrlh nx'inoir, I was pariienlarlv r u’erul 
in advamdny no e\ j ?erini<‘utal llicis hut ilx'S<‘ w ith w lii<'h I v as 
<pnte iinniiiar ; heiux' it was tliat \ deseiihed no ollx'r e'-.x fn* 
kite expmiments llian tho.^e *1 had nivselt’ made, le.r an. ol 
those splemlid jdienoimm.i wiltie.s.-'.od l>y «'(her (xxpeixie.ene rs, 


Vi>l. iv’. ;VJ7. 
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Avliilst exploring atinosi>li(W in a siinilar manner : lioping, 
IVoni tlie confuienee I then j laeed in your eandor, that yi)ur 
desirt' to jivomote tvutli would luivi‘ indiu*ed you to allude to 
them youvseU’; esjiee'udly ]ihonouH‘na seen In M. (le 

lloiuas at lus Idtostriug. Tliose phenomena were ot a similar 
eharac*t('r to Si)im* of those whi(‘h I have desmihed, ^ and weii* 
fd)1:dned under similar eireiimslanees ; and hail you hroughi 
them forward in your pa])ersj as I exjaated yui vv<add 
liave done, they woiild liavo g^ven a liiii- opjHwiuuity to N<>ur 
readers to I'oriu a just comparison ht'twi^en diem and the ])he- 
nojuena setMi (Ui board the Ileagle and tlu‘ Diyadtt 

^'our reasoning in ]>aragraph ‘17 is eurious enough, im)»l ving 
that, b(‘cause tlie llyaciiith was mU. hfan n ttjf, tliere eonhl he 
no lateral sjiarKs ! ! ! 

I\u*agraph dS is a twiii-sisler to its ]>vedecessor, aaid imp]i('.': 
tliat, beeause the man in the cross-trees was not killed, diert‘ 
conld be no lateral discharge ! ! Why ought die man to hav(' 
been killed? That he liad a very narrow e.s<*a]»e, no one will 
deny, when the eireumstanci's are ]U()])erly understood. 'ibe 
top-gallant mast was shivered, and a ivn ijic shark darted IVom 
the heel ot it to tlu' ehain tojisail lye/' Now this ‘Wc/‘/v*AV 
.s7/oc/*” was one of ihosiM-ases in ^^hM•h that kind ol’ lateral 
ibvec is ])Vodueed whit h Priestly calls thi- /o/c/v/Z 
and which you have been torcial to acknowledge in paragraph 
r>d. When >oii W(‘Ve writing that rvnfrssi(nitd jiaragrapb, in 
wliicb you say, ‘‘ 1 do m,t deny the exjnni'^iM^ l(>i( e (»l'a drtasr 
eircirical r.vjilosioti, and its destvueliU* on i/t/prr/rrf ^ 

and )ian-cou(Uit:i(trs^' 1 su])iM)se. you bad iorguttim the ‘‘ sim - 
m,ni aloft on the cross-trt'es,” elose to tlui irrn/ic sharks " c-r 
ijimse rlrclrical (wplusiait ! 

With res])eet to V\ ilsoil, who was killed in the IJodney, sinet* 
there were no marks to lx* found (Utln r on his ,hody or hi.s 
clothes, it is fair to infer that he sullered IVom the lateral forces, 
and not by the ])riiuitive discliarge which killed his shijunale. 

In paragraph dd), you again attempt to lead your readers 
astray by telling thorn that, by my tluxiry, as you are jileascd 
to call it, a ‘‘lateral discharge may sometimes t'ceur, and 
sometimes not.” If, instead of insulting your readers by thus 
attempting to im])ose upon. their credulity, you had referred 
them to paragraph 203 of my fourth memoir, page 17b, vol. iv. 
of these Ann.-ils, the only inference which they would have 
drawn would have been the following: — “As the extent of 
eleetro-displacerneiit, in vicinal bodies, depends upon the mag- 


• ?ee iny Fourth Memoir. 

fM.de Romas's experiments are described in the aj)pendix to this k ller. 
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nilinlc niul intensity of tlie primitive cliseharge or main stroke f 
iiml as thos(‘ conditions may prol)a]>ly vary with almost every 
fl;ish of liglitning, sonic Hashes may he of such feeble powers 
as to produce no very formidable lateral efVocds ; althou”h 
others may bi‘ .suHiidently powerful to exert lateral forces pro- 
iluctivc of the most serious conscipumces.” 

Admiral Hawker’s account of the elVcc'ts of lightning In the 
Mignomne, is very int(‘resting. vXs the main-rna^t was 
^'jllit down to tilt'. ko<dsf)ii,” iht ro can be no fpiestloii about llie 

principal charge being transmitted in that direction ; and, 
conse«|uently, tin? man who was killetl near tin* armourer's 
heuch/' MiHered cither by tlic lateral force of the main stroke, 
or hy so small a ])ortiou of the latter, as to produce no serious 
lateral eil’i*c(s on his shipmate who was slecjiing hesidii 
him.*' i\rorcov('r, the two mini who were killed in the main- 
top, ^' heing hunit blai'lw'’ sinews ]>r(‘tty clearly that they suf- 
fei*(‘d from a very siijxninr fona^ to that widt h killed thi* man 
below, whose^ e\t<M*nal injuries were only ^"<niehla(*k speck in 
his side.'’ "I'lii* main (t>p-mast being shatl(u*ed to piia-es, and 
the sj)lint(*rs licing; s('M(ercd ‘vn all directions,” is another in- 
stajice of the tbrn>lda.hleiie'<s of lateral e.vp/osit>?is. 

1 a.m mu(‘h obliged llobert Park for shewing you Ids 
shirt; for as the man was not injured, it is pretty clear that 
m'iihcr ho nor his sldrt wQre stru<*k hy the lightning; and that 
it was tin; lateral foia-e which took a strip out of his shirt 
alwml two inches w ide from the shoulder to the wrist without 
Imrting him/’ "riii' most probable unniediate cause oi the 
shirt being; torn was a siuUleu distention of the air within the. 
.sl(»cve. iSei' paragraph 49. 

Th e (‘as(*s whicii occurred in tlu\ Hawke cutter were ob- 
viously^ the cHecls of /at real electric Jorces, 'riie ‘M)oy experi- 
(Uiced a shiti'k only,” not hein!^ hit. hy the lightning. Neither 
did the liglitniiig stri/{<\ but only passed close to anoliier 
man,” who only experienced a temporary eiVect in his left arm.” 
I am not certain that you could have produced better data 
than these to prove the injurious etleets of lateral explosions. 

^ oiir modi* ol ’aci'omim.)da(iiig your philoso}>liy U) facts is n uly 
curious and ingenious, and as nearly opposite to that i*xcn iscd 
by iirofoniid ivasoiuTS as any oin^ iambi be b'd to i*xpccl. lii 
pavagra])h 41, yon say tbat no damage occurs from a shock 
of ligiilniug iotf ql' its direct ’L’liis beautiful 

sophi(*al infi'nmci* is a iiiasti'r-piecc. of its kind, emanating, a^ 
it obviously ilocs, from the litet which you described the mo- 
nii'nt bi'.forc., in wliicli you say, ‘‘ that the electric matter, in 
passing down the main liateliway, passed a man ami a 
boy;” and that these persons, who were ‘‘out of the direct 
of the liglitriing, were both affected by it. 
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bVoin tlu* aliovo s|M'rinu']i of ynm* ])liilos<>]>liy I pils^ od 
your t asV No. 1*2, in wliic^li I ;nn glinl to ilnd that yniM i('\v iLc 
ol liglrmin;;* <*n ll»»‘ \rrv N i)r]\ pa{ k(‘t more syrinii'-.ly 
llian in ])a>auva)>1i 7.' 'I'iu' aca-onnt ol' tin* dainaj^r (Inm* 
in tlii^i Nr*;sri \^> dial v;i\(‘n l‘\ Mi‘, Kirli.t Tin* spindlr was 
liiM'd lor s(’\i‘va.! inrln‘.s tn’ iis Ifiigtii. ainl lin‘ claiin c*o]nlnt‘-- 
tor s. as lilrralh torn to :nnl scatlarrd to tin* v.inds.’’ 

W itli rt*s[n‘(‘t lO tin* Nolstin Monnnn'nt. at Kditihnriih, I 
have notliing to add to tlio taot wliinli I haAc* prnvionsly staltal: 
o\(n‘ptin>i* that [ tnay Inan* rnniark. tb.it yniii altoni])!. to placo 
tliiii I'ari or any othor A\hi<*h lu'ai's on tins inij)ortant topic, in 
the ba(*k-<»ronn(l indleatos a (lesirt* U> evade iIiomi cases v, hich 
ought te i)<‘ particularly attended to. It is (‘xtrenn* cases ot 
the ellVets oi lightning that ought to he gnard(‘d against : and 
il' tliose eases he not provided for, with laggard l)o|h to tin* di- 
mensions and position oi the in.etal, no ( onduerov cati give the 
n ( * e e s sar y p la d e( ‘ t i o i n 

Vour ol)vious attempt, in j)aragraph 4s*, to p(‘r- 

vert tin* meaning ol* sonn* o\' those ]n)ints on \vhi(4i 1 have* 
touched in mv t'oiinh memoir, .t(*nds to excite a strong .suspi- 
cion that iht^ whole of your per\(*rsions liavc emanated from, 
some UHf(r('()tnU(fhltj of a very dillerent nature to that 

wliich would lia\(t been expceled IVom a p(‘rson of \ our pre- 
l(‘iision.-.^. ifow (laved you atteinj)}. to inak<* it appear that I 
liavi* ‘add tliat we (aumot jtrodiK'e a junning light upon a 
('oiiductor (*avrying an eleidrit* discharge’ How dariMl you 
venture to ])alm upon \our r(*a(!(*rs ^uen a palpable harerae(‘(! 
untruth’:* .My languaL!:e on tl\is topic is the following : - ‘‘ Wc 
canned' produce any tiling lik(' a nunifit;/ liffht when tin* eon- 
diietors arc snlUiiendly good and eapaeioiu, to eoneiad tin* 
motion of the llnid ; though .such a ])hcno]nenon may (*asily in* 
yirodueed by the (unployment oi* inferior eondneto’'s.}- 

W'ilh resjjeet the a]»])earanees oji hoard the .Dryad and 
T>eagh‘, J ha\e aln'adv expressed my o])inion pngtv cli*arly; 
ami i hav(‘ not met with any staleiman i4' the facts w'lrn h has 
tjie h‘ast tendency to alter (hat oj>inion. 

That the Hawk eutti r should a))]n*ar as ii' ‘S‘nv(*1oped in a 
llaim* ol lightning,” I'rom the Imiiinons (‘Heels oftlu* Hash uliieh 
struck her, a])])ears ])rolad>le enough, although il is certain that, 
nothing <‘i’ the kind oeenrred ; lor “the (‘li'ctrie matt<*r in 
pas.sing (hnvn tlie main hat<*lnv;iy, ])ass<‘d hct\v(‘en a man and 
a buy, ' and tliereloit* eonhl not <'nve1f)p(‘ the \<‘SS(‘l, 'riu. 
Hash, [iriin' to its suiking an objtet, prodnei's (he greatest lu 

• Annals of KU’ctricity, vnl. iv. p. Is7. -I Ibitl. p. .‘57*2. 

; Anruls of Kk ctrii itv, vol. iv. p. IK(i 
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niinnus I'iU'cls ; and liglilning passing itf'ftr («» cillirr a slnj) or 
a lioiisv' wonkl ’produfa*. slioilar linninons iMIi'cls to iljoso ■Ajiiclj 
a; po.u'rd to t«a‘ ]H‘fn on ]n>anl lljr I lawk and tlir Ik ard'S 
i)r. I'Vanikliirs (ipifiion on tlMaa‘ Inininniis oliia-fs n|‘ ligltMiln'- 
dl in' .“S'vii in dir \jn.''ndi\ lo ilns irtUT. 

Aiioiiaa* insLanr*- of ' mra;’. aiJrni])'iS To p«‘r\i r! dn 

nuaniing oT rrrlaiii lop.irs nl my i'lnnli inmioir ap'pr;u>. in 
pm-agrapli •>•?, in v, liidi \ on takr lo y<uirsrlj‘ a grrai n! 

I'rrdii^ ron\r-, ing {o yonr rradrrs .is pmlound a i;d. » ]:o'od 
as r\ ri- proc'odrd i'roni liimi ’ sialings as y«ai <]«!. that | 
adniilird tlial yoin' n'rijj o!' jfrotrriiny the )\r.\s[^ orsjn];-. 1*- 

not ohjrciion-’iiiir. i’his pallia niaimnur sirrn;:lln’iis )ii\ 
liiniu r sDspii mid giw-s a ven Mddi* ci.liniiig in ila 

'lifnlirr^ iVoin a\ iiirli t'itrniatr sncli nnjnst a.']><‘rsinns. IT \oi,- 
l«ad ii'gai'drd irnili, ..-.d t!ir 'pa! iiiinaMs of sra nns A‘,hir>(, 
([Holing ni; rrmavK.s r,n rs-ndiien -rs I'or lop-gailant nia'-ts, y<a: 
o.-iild iia'-.r dirrrlr<! y.<Av i.adi’s in para;;} anils I rnid 
oi‘m\ I'oiiiiii naaimiio in vd^irli I iis. v r slaird, dia.l, '■'* in-n ari 
(;! ( nd\' 07 .S" . I rip p'i r;'ppr' ' n* radj n):r-j, 1 siionld pi'opo.M 
r.a li, a* 'Mg;;] or jivon o.'.oIm a la r ; airK-li. ls\ 

ii';\i!i;;' rn o\p'’. ■,;!«■.> oT na !;:} on ( \riy '•■jd.r, uouid la a ;..Vj-oa':('r 
srrn.s'iiv lo da n;a.‘ I llani l.v i}.i\ iiig on*' ••irijMad', . And (ii:\t 
I'oiir rylindrii <‘<>ppor red ', ('-r fouv (Irxililr mrLdlir lopr.v. 

> {V'‘l-.'lird iVom (lir rii jroo.- lotlir irsirk. jriralirl to lla' to]',- 
irdlanl ‘dn'oiid'g Monki rdi'ord a nnicli koin'r proiortion U) [\ir 
ioj?-«;al];inl rigri)|g- p-m rondnrtors Irl into tlio masts." 

li is nr.t (or niv’ to pidgr (»l tlu* (•j'linons whii li odu'rn'adrrs 
jorni oT NS/nr iilnl! •; opky . Init io niv* viai soi ni to liavo l)o( n l(‘d 
into ikr most rM raordinai'N inarriivacii's in many parts* oi’ronr 
dot’riicr oj' yo.ur ligliining r<,ndm*ions; and. ja liiaps, in ii-'m* 
nion* so, dian in ilir jiosi>,oript to lln‘ i vtas'ding papi/r, in 
Vsliii’R yoi,’* appear to ko d(‘i^'nriinrd. ( ilkt'r to niisload Arm 
K inlovs, or, to slirvA s onr almost rutiv«‘ ignoraimr ol’ (‘k'rtro- 
magmUu' :ulion. Prnnil nu' to ask yon a li-w (jiK'siions on 
lliis snkjri-l. l>o \ou wisli im* l<a iindm'stand, tlial yon, a io'l- 
kov ol’ till' IJoyai Sorirty, arr loialK ignoiaut ol Sir llnmpln't'\ 
Daw’s (‘xporimrnts, 1»\ Mkioli (hat ]>liilosoj)krr ill si mag- 
m.*(i/,rd slrol nrrdlrs liy tmnsminiug olrctrir disohargrs from 
a liallrrv of jars, lliroiigli a \ ici«al rondiu ling aa irr : Do Acn 
Avisli me to understand that you, a IVIIoav oT ilu‘ Koval Socirix , 
AAitk till' pii'li'iisions ol’ an eka iro-magnetisi, nrvor n'peatrd 
(liosr Imautilid e\]>i'nm(‘nts ? Do you Avish nn* to nmknsland 
that yon, a Id’lloiv ol tin* Ihfval Society, aaIio, as an inxrntoi ol 
a niarim* lightning conductor ought to he a iiroii.iund ek'( - 


^ Ajinals Ilf L;kctri^'ity,C\c.,'Vril. iv. pam* 18'#. 
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(rlciaii and (‘leotro-iuagiu'tist, that yatf uro ]uvtniding <<» 
])roto(‘t tlu'. Ikitisli'Nju y ;md our t)rnv<' lars rroiiillio olli'cts of 
— lluit yf)ii, oil wlinso judgiiKMit suoli mighty iulori'sts 
an- to l»o at stake, — are euiin'ly ignorant oftlie laivs of (‘kclro- 
magnelism? If yon are not entireh ignorant of tin' nuignriie. 
action of (‘lectric currents tra\cvsing good c(*n(!uctors, h<>\v 
dared yiai venture ti> say, tliat “it is only in tlic fr/isrurc of 
continnons conductors we iind such magnetic eifects r"' If yon 
are not entin*l\ ignorjuit of sucli magnetic aeli(m, Lo'.v diired 
you venturi- to stain the ])ages of rnitisli science, to insult tlie 
dignity ol‘ llie K(»\al Soi-ieiy, and, above all, to (leci‘i\e tlie 
Lords (’ommissiom rs of thi; Admiralty , and tlie \iliole rniiisli 
Navy, iiy ]iro])aga(jllg such Ji [talpable tid<‘liood ? Will ymi 
;icknowl(‘dge tJiat you an* ignorant of the magneelic action 
ol liglitning wliilst traxcrsing good ('onductors ; or will \on 
liavc to submit to the (h^grading |>osition of Inning fcil/t/lh/ 
conci'aled tlial most im]iorlant liiel, to gua.nl against i\iii'‘h is 
one (d tlie most essential eonsideralioiis in the eri'etion of ma- 
rine lightning eomlnetors r 

i liavo paid ('onsiderahle atltmtion to the stateuumts of 
jirofcssors Farrady and Wlieatstone in tlie Kt'jiort. of th(‘ 
Camimiltec a])poiiited by th(‘ Admiralty'^'r but I have not 
been able to discover any facts, iu those statmiuMits, which 
have tlie least teiidem'V lo alter my ojiiuioii of your plan ol 
comluctor.s, and certainly none wliatever tending to invalidate 
any part of my fourth memoir. By quoting M. i)e Uomas's 
kite experiments, professor Wheatstone has sliewn, pndty 
clearly, that electrical discharges e^ncli as appeared on tlu' 
conVUicfbrs ot tin^ Dryad and tlie F>eagle, are no sure indita- 
tioiKS of those vessels being struck by lightning : for, as will 
be seen in tin* appendix to this letter, no lightning was pre- 
sent at the time that the kVeiicli philosojdier was v.oiidnctiiig 
his kite experiments, in whiidi he saw ‘-sheets of lire \) or III 
feet long and an inch broad, which made as imicli or more 
noise than the reports of a pistol.” IVrhaps the most re- 
markable iealure iu ifie Report of the Committee, is the 
total absence of any consideration respecting the magnet i( 
action which lightning would jiroduee on chronometers, com- 
pass needles, &c. whilst traverising vicinal eondnetnrs ; the coii- 
setjuences ot which, in misleading the mariner, might be more, 
fatal than those from the direct action of the lightning itself. 

1 retriaiii, Sir, yours &c, 

W. STlJfUJKOK. 

Victoria Gallery, of Practical vScicnce, Muneliester, 

Junc2'2ud, I8 Ii). 
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Amongst Dr. Franklin’s nanarks on .Mr. AVilliam Maine’s 
Aceonnl of tlie elli-ets ol' lightning on liis laglilning iiijd, v.i* 
liiul llui IdlloNving : 

is said tliat t/ie /ionse irjis Jilleil with its jhish. J'.x- 
pressions like rliis am c*ominon in aeeonnts o! tlio ('fleet s of 
lightning, From whieli wc arc apt to understand that tlic ligin- 
ning tilh‘d the house. Our language indee(l seems to want a 
wiU’d to express tlie hijltt of lightning ns dk-tinet iVom tin' 
lightning itself. When a tree (m a hill is striu'k hy it, tiie- 
lightning of that stroke exists only in a, narrow v(‘in between 
the cloud and tiec', hut its light tills a vast space many nhh*s 
round ; and |»eoj)h‘ at lh(' greate-t di-taiK'O from it are apt to 
sav, "Mhe lightning eaim^ into our rooms through our windows.” 
As it is in ilst'lf exirt'mely knight, it cannot, when so near as 
to strike a. house, fail illiimln.ating highly every room in it 
thronnh lh(‘ windows : and this I sn})pose to ha.vol)een the ease 
at Mr. Maine’s ; and tliat, ('\e(*pt in and liear the hearth, from 
the causes aliove-numlioned, it was not in any otlier ])art of 
tlie house ; the. flash, meaning; no more than thr I'njhl of the 
lightning. — Jt is for want of considering this dillereneo, that 
piM>])Io sup])ose there is a kind of lightning not attended with 
tlnmder. In fact then^’is jirobahly a loud explosion aecom- 
panvlng every Hash of lightning, and at the same instant ; — 
1,'iit as sound travels slower than light, we often hear the sound 
some seeouds of tiiue after having seen the light ; and as 
sound does not travel so far as light, we sometimes see ilie Tight 
at a distance too great to hear the sound.” — Franklin's Letters. 

• M. Dk liuMAs’s A//e Fjxpirimvnt, 

""The grcat(.‘st (pi.mtity of eleetrieily that was ever brought 
from the edonds, by any apiiaratiis prepared for that purpose 
was by Al. De Komas, assessor to the jiresideal of Nerai'. 
This gimtleman was the first who made use of a w ire inter- 
woven in the liempen cord of aii eleetrieal kite, whieli he 
made seven feet and a half highf and three feet w ide, so as to 
have eighteen square feet of surface. Tiiis cord was found to 
conduct: the electricity of tlie clouds more powerfully than an 
hempen cord would do, even though it w-as wetted ; amd, !>eing 
terminated hy a cord of dry silk, it enabled the oh.-erver (!>> 
a proper management of Ids apparatus) to make w hatevt'r ex- 
periments he tliouglit proper, without danger to hmi''ell. 

By the help of this kijlo, on the 7tli of June, HoJ, about 
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ono in tlie afternoon, wlioii it. vw-is 550 fpot from tiu? 

^n'onnfl, and bad taken 7SO fi‘ot nt' r 4 rii);»’, making- an aiif^lo ol 
near rorty-iivo (k'grees wirli tiie lunizoit ; InMtren i^jiark.^ tnnn 
liis eondueior tlireo iiu'la'ti long and a ijuaittM' oi‘ ;;ii inrlj 
tliiek, the ^^]ia))])ing of v. liieli was heard alxe.il ‘JOO pares. 
AVhilst he was taking these sjjarks, hr IVlt, av it a 

eoh\reh on his hiee. llaaigh in* ^^a‘i ahmi? three ieel li'iin (he 
string of the kite; after which lie did not lliink it sale, |o 
stand so imar, and called aloud to ail th(‘ emapaiiy to retire, 
as he did himself ah(ml. two feet. 

'J'hinking himself now seciua; enough, and not being iiicoriN 
nioded by any body very near him, he took noliee r.f wlial pa:rse<( 
among the eloiuls wliieli were imniediati'ly o\er the kiiis hut 
could perceive no liehtniug either there or any wheie else, mn* 
scarce the least, noise of thunder, and then.* w as no rain at alk 
The wind was West, and pretty stnmg, which raised tlu! kile 
100 feel: higher, at least, than in the other exjierimont.'- 

■Afterwards casting liis eyes on tin' lube, whii'li was 
fastened to the siring of the kite, and about three feet from 
the ground, lie saw tliree straws, one of wtiieh was ab<Hn 
onefoot long, a second four or five inches, and a third t!nee or 
four inches, all standing eioei, { 0111 “ 'performing a cireuhir 
daiu'c, like puppets, iiiidor llie tin tube, rvithoiit Omehing one 
aiiotlier. 

“ This little spectacle, wliieh much delighted sevi'ral of the. 
company, lasted about a (pmrter of an hour ; {ittiu* which, 
some drops of rain hdliiig, he again pen'civi'd tlie smisjilmn oi 
the cobweb on his face, and at the sann' lime heanl a con- 
tinual rustling noir^e, like that of a small forge bellows. I his 
rvas a farther warning of tju' increa'^e of f.'lectricity ; and from 
tlie iirst instant that .M. De Ibnnas p(‘rcei\ed the, dancing' 
straws, he thought it not, advisable ro tak(* any more spark ? 
even with all his precautions ; and he again entreated lh<' com- 
pany to spriNid themselves to a still griwiter distance. 

“ Immediately after thiseame on the last, act of the eiitcrtaiii- 
ment, which M. De .Uomas acknowh'dged made him tremble. 
The longest straw was attractiHl by the tin tube, upon whii h 
lullowg'd three explosions, the noise of wliieh gT(‘atly resembled 
that of thunder. Some of tlie company eomjiared it to the 
cx))losion of Sockets, and others to the ^ iolent crashing of large 
earthen jars against a pavement. It is certain tlnit it wa.s 
heard into the heart of tlie city, notwithstanding tiu' \arious 
noises there, 

‘‘ 'J'he tire that was seen at the instant of the (‘xplosion had 
the shape of a spindle eight inches long {iiid livii lines in 
diameter. But the most astonishing and diverting circuin- 
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St anno was procluccMl ))y ilie straw, w hich had occasioned the 
explosion, following the siring of Uie kite. Some oV the com- 
j)any saw it at 45 or 50 fathoms distance, attracted and re- 
pelled alternately^ witli this remarkahle circumstance', that 
every time it was attrac^ted by the string, Ha-hes of lire were 
seem, ami (*vacks \v(n(‘ heard, tlmugh not s(j loud as at the 
time of the fornuu' exj)losiou. 

It is remarkahle, that, from tiu' tiuK* of tlu^ ('X])losiou to the 
(Mid of tint (experiments, m> lightning at all was s(^en, nor scarc(» 
any thunder heard. A smell <>f .sidphnr was pcreeivc<l, rmu'h 
like tliat of tln‘ luminous (deedric elfluvia Issuing out of the end 
(d’ an elcM'l riticMl har (d* metal. Konnd the sh'ing appeared a 
luminous eyiinder of light, fhrei^ or four inch(?s in diameter; 
and this laung in the day-time, M. I)e Homas did not ijucs- 
tion hnt that, if it had htam in the night, that (deedrie atmos- 
phere wa)uld have appeared to he four or live* feet in diameter. 
Lastly, after llu' c^xperiments were over, a hole was discovered 
in th(‘ gronnd, perp<mdiiMdarly imkUm* the tin tnhe, an inch 
dccj), and half an iju/lj vvid(*, \\ln<di was prohahly made by the 
larg(' tla.sh(’s that ac<‘oni|)aniv<l the explosions. 

An (Mid w’aspiu lo lhes(? remarkable experiments by the 
falling of tin' kite, tbv wind Ixdng shifted into the east, and 
rain inixcnl witli hail coming on in great plimty. Whilst the 
kite \vas falling, (he sli;ing (aime fold of a pemthouse ; and it 
was no sooiKM' disengaged, that the person who held it felt 
sucdi a stroke in his hands, and siudi a commotion through his 
V Inde body, as obliged him instantly to let it go; and the 
string, falling on the feet of some other persons, gave them a 
slnn k also, though much more tolerahUj"^. * ^ 

ddu'. ijuaulil v of elccdric inatt(.y' lirought by this kite from 
the (douds at anolluM* time is really astonishing. On the 2titli 
of vVngust^ 175(1, the streanfs of tire issuing frcmi it wmre ob- 
serv('(l to he an im li thick, and 10 feet long. This amazing 
flash of lightning, the efle(d of whi(di on buildings or animal 
bodii's, would jierliaps have been e(}nally destructive with any 
that are mentioned in history, was safely conducted by tlie 
cord of the kite to a non-eh'ctrie body placv.d near it, and the 
report was equal to that of a pistol. 

M. Homas liad the (Miriosifry to plaee a pigeon in a cage 
of glass, in a little ediflc(', which he had purposely placcHl, so 
as tliat it should he deinolislied by the lightning brought down 
hy his kite. 'Tin' edilu e was, ai'eordiugly, shattered to piece>, 
but the (tage and the pigcmi were not struckt- 

* tuiits. Mag. tor August 1 75a, p 578. 
f Nollet’s fnMtcrvS, voL ii, p..g3!>. 

VoL. V. — No. 25, 1840. I 
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“ The^ Abbe Nollct, who gives tliis account, adds, that if ^ 
stroke of this kind bad gone through the body of M. Dc 
Koinas, the mifortunato professor Hiclnnaii had not probably 
bo(?ii the only martyr to electricity, and advises, that great 
caution he used in coiidiicling such dangerous experirnculs.* 

When we consider how many severe shocks the most cau- 
tious and judicious electricians oltcn receive through inadver- 
tence, we shall not \n* surprise^l that when philosophers first 
began to collect and makiT exiieriments upon real lightning, it 
should sometimes have proved a little luitraclable in tluh 
bands, and that tiiey were obliged to give one another fre- 
(pient cautions how to itrococd with it. 

The Abhe Nollet, as early as the I7r)2, advises that these 
experiments be made vvitli circumspection; as he had beer 
informed, by letters fnmi Florence and Bologna, that those 
wlio had made them there liad had their curiosity more lhai 
satisfied by the violent shocks they liad sustained in drawiiiij 
sparks from an iron bar electrified by thunder. One of he 
correspondents informed him, that once, as he. was endeavour- 
ing to tasten a small chain, with a cojijier ball at one of iit 
extremities, to a great chain, which communicated witli tin; 
bar at the top of the building (in ordm* to draw otf the (‘leciric 
sparks by means of the oscillations of this hall) there came a 
Hash of lightning, which he did not see, but which allected thr 
chain with a noise like that of wild fire. At that instant, tin: 
electricity communicated itself to the chain of the coppm' ball, 
and gave the observer so violent a commotion, that the hall 
fell put of his hands, and he was struck backwards fuiir to live 
paces. ‘ He had mjver been so much shocked by the ex[)eri- 
ineiitof la.‘ydeii.’’i ----/V/V,v^/(y,v IHdoiij of FJainrify, 


X. — Desvriplioii of a Cnd Iron Follnic Ihitterip and an 
Account of some of Us Performances. By \Villiam Sturgeon. 

Having given a notice in the last Number, that I would des- 
cribe this battery in the present one, I now proceed to do so! 

ITe battery consists of ten cast-iron ('ylindrical vessels, and 
the same nnmhcr of cylinders of amalgamated rolled zinc with 
diluted sulphuric acid. ^Fhe* cast-iron vessels are 8 imfin's 
high and 3^- inches diameter. 1 he zinc cylinders are the same 
height as the iron ones, and about 2 inches diameter, and o\m\ 
throughout. The iron and zinc cylinders are attached, in 
pairs, to each other, by means of a stout copper wire, as seen 

• riiil. Trans, vul. lii. pt i. p.S42. 

4. Phil. Trans, vol. xlviiL Dt. i. d. 205. 
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in fig. 7, plate 1 . The zlne of one pair is placed iir the iron 
of the next, and so on thronghoiit the series ; contact being 
])r(jvcTited hy disks of Tnillhoaid placed in the bottom parts of 
the iron vessels. 

As it is my intention to embody a series of experiments 
made with this battery, with a mnnher r)f others, in a ]>aper 
which will appear in tlie August mimber of this work, I will 
merely notic'e a hnv, in this j)lace, which will give a tolerably 
good idea of its powers. 

With tim pairs in serii^s, I havt^ iisnally obtained 14 cubic 
IocIk's per minute of the mixc*d gases from the decomposition 
of walor, ;m(l lol cubic Inches when the battery bad been in 
action an hour and a half. But on the 20th inst. I obtained 
20 cubic iiK'lies jx'r minute, and this day I obtained 22 eiii)ic 
in('h<*s ])er minutf* with the ^^ame arrangenn'iit : fused 1 inch 
of co|)per wir(' of of an inch diameter: four inches was 
k<‘])t white b.ot : and 18 inches of the same wire was kept red 
hot in broad daylight. 

Kiglit itu'bes of wfit(4i main s]»rings \vas kept red hot, and 
2 in<'hi*s whit(» hot, for several successive rnbuites* 

W'e now emplo\ this .battery dally at this Institution, 

^V. Kturueon. 


Ilny.il \ Ktorjii ( i illcrv, 

l*o«‘ Ihe Eiuoiiragfiiu.Mit uf rr,i»*lical oclcrua*, iMamhcstor, 
June ‘2 i, IS 10. 
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Curious Roiuifrks on ihi* IV fork of the Rotjnl Ccorf/r,’''' 

• 

At a rectojt imMaing (;f tin' (ieologienl Socii'ty, there w'ere 
read, !b‘i»arks on the strucli*irc of the Royal (jleorgc, and on 
the condition of lln' timber and otln‘r materials hn)nght uj) 
during the opi’rations ot t\doncl Basley in by Mr. 

Cveuze. Tlu' Royal (Jeorge was the iisst ship built on tlio 
iinj)roveil dimensions na’ommeiided in c<)nse((nence of an in- 
ephry int() the sin)erior sailing (jualiiies (»f tlie vessels of war in 
the Freaieh and S})anish services. She was coiiinieneed at 
Woolwich in I7 t(», laniic h('d in l*7r>(>, and, after bearing a very 
high (diavactiM* as a ship of war tin* twinity-six years, was acci- 
dentally sunk at Spillnxnl on the 2.9th of August, 1782. From 
an examination of the vari«»us portions of the wu*eek n'covcred 
by the o])erations of Colonel Rasley, Afr. Creuze states that 
the great agent of the work of tleslrnetion, during tlu' /i tty- 
seven years since the loss of the Koval (leorgig has been ‘‘ the 
worm,” which has gradually, by its iiniumerablo t>erl*oralions 
on every exposed portion of the wood work, reduced it to such 
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a slate as to enable the constant wash of the tides to abrade it 
layer by layer. The portion of the ship which has thus been 
removed is et)iisidered t<» be tlie wliole of th<‘ u|)])er part, in- 
cluding; tlie toj>sid4's id>ove the line' oi' the n)iddle“(h‘ek jioits. 
The ])ortions of tin* reeovt'n’d tiinhers which had l)een biiri(‘d 
in the mud wcm c ))<T{i‘etl\ sound ; and Mr. (.h t‘U/a‘ is of opinion 
tliat tl\(‘ Ixitiom of th(' shi]), whieli is thus ] roteeled, and Um/ 
de(']dy inhumed to be alleeted by (he expiusion, last for 
ages. Sonn* portions of the eo]ip«‘r lia\e un(h‘rgone so litlh* 
change, that several wliole slu'ets aA(‘rii;.^e the same weight j t'v 
sfpiare foot as those now' usial in tlie nnal navv; and this slate 
of jireservation, Mr. Cwu/.v ladieves, ma\ la* aeeoi.iited for on 
the priiK'iple apidii'd l>\ Sir I Iiim])liivy Daw to iIh‘ jn'iUi'ciion 
of the sheatiling of ships. Tlu' casi-iron guns wliieh lla^ e lieen 
reeo\ ered were stnimeh softened as ti» be eiisih’ abraded bv tlie 
iinger-nail to the dejith of one-sixUa'iith anrl one-cdglilli of an 
inch, but tliey gradually hardtau'd on e\]JOsuri* to tin' atmo- 
sphere. Tile brass guns are as sharp in their ornamental east- 
ings, and apparently as sound, as at then' brst immersion. A 
]>iee(‘ oi' twosimba-half inch ciible-hued cordage, made from 
a speeinieii oftanvdrope (])ossil)l\ ^airt olAlie shijfs old junk 
tor si’a-store, or of om' ol tlie eahh's used in an attmnpt (o 
weigh her soon after sht' sunk;, was found to hear rili wt. :hps, 
71bs. ; whil(‘ a similar eabh‘, niadi' tnmi yarn spun in 
bore only ^20ewr. lip*. 71bs. Mr. (’ren/e then stated some pe- 
<*nliarities in the strnetnn' of the Royal (jeunge, ami canndiided 
with a <lescri])tive ealalogiie of n seri(\s ot‘ sja ciniens whieli ae- 
companiial Mr. Crenze'’s pajier. 


Fffrl/ter Part leu It as /rsinr fluff the Jluifal Cearffr, 

Colonel Pasley la gan his jiroeiM'dings for tlie removal of the 
W'j’cek of tin ‘ Royal George on the 1st of this riioiilh, but up to 
this da\ (.Momhu) ii(»thing very remarkable was e/feeted. Two 
guns, the rudder, and a eonsiihuabh* cpiautily of tiinlier were 
recovered ; lait as these weix* merely iho^e fragments of last 
year’s work which the inclemency of tin', sisisoii ]ire\ (‘nted the 
engineers Ironi jiiekiug u]), no, smious measim's wau'e diamu'd 
necessary till yesterday. At eight o’clock in tin* moniing, the 
red lings at Spithead aniioimeed that a great explosion was to 
be atleni])ted : and at ehwen o’clock one of those hng(‘ (‘vlin- 
ders, wliich have, alri'ady h<*en di‘serihed, and filled Viih 
*2,11 bibs, of gunpowder, was lowen-d to the lioiiem. One of 
(Adoiiel Paslev’s divm's ((b'orge Hall), wlio has ae<juired great 
(Xp(n‘tness in these operations, d(‘seended liis rope ladder a 
little in advance of tlic cylinder; and succeeded in fixing it 
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riir('1v’ to ono. oftlic' loAvrr ^iidirooiis nr bvaros on tbo riiddnr- 
post, witijiu six nr night n(* tlu^. hntd. Tlie divnr having 

iHnnniiiittal, and tlin vessels h<‘ing withdrawn to a s:d‘e dislanet', 
lilt' enoniiniis t harge was ignitnd hy iia ans nl tlM* xnhait' ap- 
paratus. Within h'ss than Iwn seconds altfr thi' sla >». K. ax as 
li'lt, tlu' stai Tnse r>x er the spnl to lln* ln‘igiil nl ahniil Jlitiaai 
t’ l'l, nr n{»i, (jiiitt- liaH sn high as it di<1 on the neeasitai t»( tin* 
j' vo.;! rxiilnsinii^; last vi'av ; a <htlt‘Vi‘net* aserihahh', )a‘('hal)ly, 
to the eylindt'r on tlu' prt'Stad necasion having la‘e]i plat'ed 
inidnr thn iiull instead alongside ir. 'riie eonmionon in tlie 
'Water, hnwexaa’, was so grtail, ;e to j/ause tiit' Imiips and ligliteis 
e» ]»ilt‘h anil mil at a great rate. Tjie xxlmle snrlea e nj tlje sea, 
tor siecral linnilr*‘d \ards mniid, v»as prescntlv en\«’)ed ^viTh 
di'ad tie'll and small iraganents nl' ihi' evlindia-. Amongst these 
well' iunniiieraide (alinu *T,iidles. a nd a njiJssol lauiera loot and 
n hair in leiiglh. exjdi'ntly (hix^n n}> Imm rlie ] niser s store- 
room. As soon as the vast I'ommoiictn in tlie water liad siih- 
sided, ami the boats bad retmanal iVom tla* imiv ersal scramble 
I'nr the randies anAd^Md li -h, 1 he iliAan’ ] roee«aled again to the 
hot torn, and soon M'Ueroai ihtn the whe-le stern of the ship hail 
biam dri\en to p/n ees, and that, so tar as h.e <-onld a'-<.‘er(;iin, 
(lier(> xvas innv a tree and wide ehmniel direi lly lore and all tiie 
ship. iVom stem to stern, |]iro'ng]i w hn h both tlie ihiOtl and ebb 
tides will nish ; and thips the mmi A\ii’n which tin* Imll ol ihi‘ 
ixoval <ieorg;e has iieen silted lor hall a eentiiiy wnl Iw' Avasiieil 
0 ;ii, and lln‘ wav cleared ibr (.’olonel Pa les’s hivlher o]i<'va- 
lioiis. I'rom the aus] lit iocis maniu'r, indemh in whii b he has 
eomiiien^‘«*d, we ma\' salels ])ri‘dn'l his linal siu'ee-s;^ ‘ 

eonhdenth’ trust that, belore ilje -eason theses, Spilhead will 
be clean'd ol’ this grievous and lowg-standi ng diawbaeh to its 
iglii V'livv as a n>adslvad tor line-(>l-battle sln['S. 


lun'ihcr Purl iculars. 

Tlu‘ operations have eontiiined daily with great activity and 
success, two divers being cniploycd every sla(‘k ride in slinging 
tbe fragments of the wrei-k. "llie stern-post has been got nj), 
brokeir into tliree pieces by tlie great explosion of the lltli 
instant, together with a. large fragment of dead-wood, that 
stooil over'the keel, and was also connected with the stoni- 
post. A very curious mass, consisting of part of the lower 
deck, with a portion ot beam, and two knees below the deck- 
]>hiiik, and a rid(*r or upright knee above it, together with part 
of a port, and the remaining, both of the inside and outside, 
planking, on each side of a fragment of timber, may now be 
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seen in the. Dock Yard. A very large cable has also been got 
up, measuring twenty-four inches round, and about ninety 
fatlioms in length, which was generally very sound, l)Ut has 
been broken into several ])ieces, .>o that the di\er had to de- 
scend repeatedly for two or three days het'ore ho slung the 
whole of it. All is clear now al)ove the orlop deck, exc'cpt 
some beams of the lower deck, whicli still remain, '1 his day 
(Saturday) red tlaijs were hoisted on board the two lumps, at 
ten o’clock, as a sigiial that two explosions, of 'ibOlhs. ol pow- 
der each, would take place at the next slack tide, and two 
(livers w('re sent do’.Mi to make jjreparations lor placing the 
two charges, oiu^ under the main hat<-h nt the orlop (lt‘ck, the 
other near the hreatl room, liicul. Synionds, the c\ecuti\e 
enginc(‘r, who made all the arrangeuumt.s on this otu'asion, 
as W(dl as for the great explosion of the llth, then sent down 
the charges A\ith tlu* dbers, and having removi'd the lnm[)s to 
a little (listanc<% he po.^ted himselt at one voltaic l)attcry, 
wliilst Scrga\ant-^lajorJ()nes had charge of the other. Colonel 
]^l^lev then gave the word to lire, but only (*ue explosion took 
place, whi('h was (‘Hected by four‘cells of Professor Daiiieirs 
batterv, at tlie distance of ’ifd feet, d'his prodiu'cd the usual 
elFcid. of a great commotion in the water, in the form ot an in- 
verted bowl, spreading to a considerable dUtance, but not 
rising to any great heiglit ; several seconds elapsed, alter a 
sharj) slioek was felt, before this agitation ot the water took 
place. 'Phe second cx])losion, which was h) hav(‘ been fired 
i)y nmans of Air. Alfred Smee’s new voltaic, battery, did not 
lak(‘ place on (*ompleting the circuit ; hut Scrgeant-Alajor 
Jones, feeling tlie shock of the oilier ex[)losion, believed it to 
be liis own, for be complet^'d the voltaic circuit, on first re- 
ceiving tlie order to lire. Peiiig ordennl to complete the •cir- 
cuit a second time, he did so; and on keeping u]) the contact 
for about four seconds, the explosion was (dlected at the dis- 
tance of 4d() feet. After these explosions, vvhie.h were wit- 
nessed by Admirals Sir Kdward (kjdrington, and Pouverus 
Alajor-CJeneral Sir Hercules l^akenham, and a number of 
ofHcers of both s(U'viccs, and numerous other sspectators, the 
divers repeatedly went down again, and lashed larger pieces of 
timber, amongst which w^ere the parts of a lower deck beam. 
A human skull, with teeth, was also brought up from the after 
part of the wreck, which Colonel Pasley has dciclared his in- 
tention to bury in Kingston churchyard, together with such 
other remains of skeletons as may be obtained hereafter. 
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Operations ayainst the Wreck of the ‘‘ Tioyal Georyc^^ 
and proposed Great Explosion. 

Tho miul af'cumiibitLMl in tlio hold of tli<* wreck liav'mfr 
proved troiiblehonio to tlie tlivors, a iiuiobcM’ of sinail 
charges of d71i). and (»f !2<»ulb. of mm[)owdrr have becni lircal 
against tho wreck within iIk; last fortniaht, and ll)(‘ nanovid 
of tile fragments has proceeded witli great ar li\itv; but it 
now appears neeessary to liavi* reer)ni so to anollu-r arc'at 
explcrsion of about 2Jb0ll). of powder, to be ]}laeed in a 
woodi'n cylinder made in Cliatliarn doc'kyard, wineli lia.ving 
hecni coated with a. watm-proof (annposition, and sunk in 
iifteen fatliortis at Spitliead, was d(*claua! tt) be [xn-feetlv watc'r 
tight. Coloncd Pasley has deelarcal his intiMitioli of tiring this 
gn^at eliarge at. about a (juarier ])erore two o’cloek on tho 
afternoon of Monday, the :^2nd in.stant, wlnm the nea]) tides 
and long slac'k water will favour the op(*rati<m. Ked flags 
will he Itoisted on boatd the Suecess frigate hulk, and the two 
lumps or mooring ligiiters jft S|)it‘iead, sevco'al iiours i>efoie 
tin? explo.sion on tin' dgiy ahovi*-nientioned. Should a \i(dent 
gal(' of wind o('ea.>ion such a swell as to pre\{ nt thc'operation 
Oil the t^’iiid, it will po^tjsoncil till the 2.‘h‘d or 2 Ith, and 
(*aeh day of delay will ('iTuse tlie e\plo^ion to take place about 
three quartets of an hour later than the time before men- 
tienuah 


Sketch if the Life <f the fate Lieut . Bell. 

^Molni Bell was {he eldest son of a bat niamiracuirer of re- 
s])ect?ibilil;^' and consi<U'rabl<* ])n»periy, re.Mding in Cavh.^le. 
and was born on the 1st of March, 1747. I’ntil lie attained 
llio age of eigbU'eii, he as.sistial in llie inanageineut tifliis lli- 
tluTs business ; indeed, iVoin bis ]’arent Inning eiigagcMl in 
scjentifie jmrsuits, and umie particularly in die Nain endeavor 
to discover tli(‘ longitiuh', the duties of tlu' busiiu'ss almost 
wholly devolvi'd on the siibjeet of this skeieli. In the year 
17()5, Sergeant Harding, of tlie* Hoyal Ariillerv, wlio was ia- 
iniliarlv known to the', family, Ix'ingat Carlisle reeruiling, yomig 
Bell was hidiieed to enter into the service of liis country, and 
after having recanved the usual drilling at \V oolwieh, he in tho 
following year emharkecl hv’ Gibraltar, in the drd battalion, 
under Major Innes, where he remained about six years. On 
his rclurn to England, he obtained a furlough, and proceeded 
into the north to" visit liis relatives, when he found that, during 
his absence, his father had liillen into cmharrassments, from 
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having n^glocti'd his husuirss, and s])vnt Ins pn^povty in liis 
eiuhiavors to ol)t:rm tlio pn/»* f)iri’n'd hv govi'rnnu'nt to tlio 
disrovona* ol‘ tlir longitudi*. Shortly altor liis nMnin to Wooh 
Nvicl), his L'XjMM'tnoss in handling tin* Macarrmi (din rli( itrd 
tho ajiplaiiso (»!* liis so\ (Mvign, v ho, clavjjing him (Mi iho slaail- 
d<n% ('xrlainu'd, hinr Aoung Trllim lino young IMlow- -iimkr 
a man oi vou/' hVom t]ii> timr his ahiliiios hocann- <lail\ nioro 
a]>paroni, and his jnomoiion was rapi< llo Inst la (.am'* 
homhadii'V in 177'), ami n>> smt <*n a ri'cniiting mission to 
( arlisln, " hora, lining kno\\!i,;oiil hissiua-oss ronsiaplrntly 
groat, 1)0 w:<s ooiitimit'd lor somo mojitlis. liiMvas oligagt'd ni 
>'aii<)ns soliomo'^ oonnor(o<l widi military jairsnits dining thr 
suooi't'ding MM <‘11 voars, am.l in 17'^‘J >\o hnd him ]>a.\masror- 
soriioanl anH oondnotor (»1 storos to iho artiUory oiio.im]»od on 
Soull) Soa ('ommo;i- I’roin S mth So:i (.'astlo ho was an 4-\o- 
wilni'ss to tho fonn<l<‘ring of tJio lh»y:d (h^orgo, and iVom that 
tiim* his niind laa/amo (uaaipiod in di-xising >omi‘ plan I’or 
raising, oj\ should that ho impraotioahlo, lor dost j'ov ing t ho 
Avroolv. t )n tho troaty ol‘j;oaoo with \nToi» a h»‘ing vatiliod, ho 
rolurnod l») \\ dolwioh, wiioro Ifo was mado iiisporior oj tho 
l)iof)j‘. wliioh situation ho hold at tho Tyno oTlns <loaah. lloro, 
lio <h.*v<»tod his loisnro Ikmiis to tlu' soiiaitilio pnrsiiits (»n ’w hiol) 
t]i»‘ wholo ono)gi(‘s of liis mind won* lu io, and ulkn h hi^ in- 
vmitiv(' gi'niiis onahlod liim to oxhihil in a soji4*s oT most o\ - 
traordinary and valiiaMo iintMiiions. d'host* it would la* iisi^loss 
to atlt*mpt In dosoiiho in a im*ro hiogra])luoal skotoli, it must, 
tliovoldro, siillico ifsrain* of tho most romaikahlo ho ( immoiMlod. 
Aiifi lUst, may la* moiihnmod tin* Sun l^rool. ' hy which tho 
soundnoss of the inU*rior oi’ ordnaiioo is soi iitinisod most rf- 
footually, and tliis j.rnof oousidmod so d»*i iilo(ll\ ;.n]aaior io 
all nihors, tliat it is still l)oli(‘'^o(l to ho nsod in tln‘^n»>al 
avsonal, ami <hinhlloss mjiny a hravo. folhiw is indo1»to<l for liis 
longtlK'mal (’xisti'iioo to tho soourity thus aHordod him from tho 
bursting oj’ln‘a\y arlillcrv. A gvn, oailial ‘‘ Iddl’s (lyn," (also 
still in uso in tho Ibnal Military l{(‘])osilorVj) la'ars witnos.*^ to 
his invontivc gmiins, as do fuiilu*), an ollia'tiv t* ])(’tanl, (a modol 
of which may ho soon at tho lahoratoi*}, at Woolwich,) a mo 
tlnal <jf dostroyijig onlnama*. by moans of a ]ioud(M’ous weight 
^vorkod at a considerable. altitmU*, and a variety of* minor in- 
ventions and improvements. In 1791, a silver modal ami a 
premium of five guineas were awarded to him b\ die Society 
of Arts, For a safe crane, whereby tho lives of jiersons dt"- 
scending or ascending precipices^ wells, shafts of niines, 
will bo saved, altliough tho lino by wdiich they an? siispemhal 
may by accident be broken.” In ’170:3, he received a further 
premium of twenty guineas from the same society, For a guu 
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ami }Kir|)or»iii (ni a n(‘W ('i)n'>trurlii)n Inr lalviTi^ wliala-, 

:s itiNilirtory (rials iiia<L* itli." 'Trair . of this Sa- 

ficty.) Nor must 1»t' llio of Ihs iii\a jitioo h>r 

«1 •sir<iyin;>‘ siujkni l)o<rn’s hy tin/ oiii'n’.tian < 6 ' •wih r, tli * 

<>r his rollrctijiiis ou tji.** uT tijr lh»*. (laor;;^, 

1 lavin'-'; ]>r«»Vi‘<l iis laaflii ahility Iw l)]ovvj!{‘» iij) a Mrofnai roch 
ill I'll* I rith oT lanih, lie Ihrlhs-r (loinon.'ii-jn. -i ir*. inililv hv rs 
pcri’ornval at Ijm* (►[' IJi.'-l,- 

moinl ami o;!u'r j-rmitlnaon. If:'-, in*: dir M-lril a 

tn h * lufilr. iijxni a srair iin'h n* lii‘?v I'l'ih!' ilh. la- ‘-S'li’ 

ni(‘ li'jyjl ( h’ lryr's sidr, !in .-aiiMal it la ]>- • ni'h tli<- ThanK'-,, 
::i‘l Viilli OOlhs. ( r u;!inp‘o\‘a|/-r. alti rw .n-<l ^ ‘.'j-'h?; t< in;., h'w 
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1 hr iii - |.n I'latfira (l.-atlim!!'* Ih)\ al < h-nryo ij.:.] lano- a^o 

- I !?< • )ii\ cnilv iinailiit ^ >; j.-in i T.* i. ,;*.<]>. ('..iaiffl 

['a vvju) i> now o,a'ii]»i;‘.i on t'n 't <«> lii-v ]iiy]a’'-l; 

!)■ ‘la :’.ir h'.‘ it spnlvrn. iau in a rrm:.!! !•' iia* Tina yaim- 

rMi: ]y ; v,iir<hai t<» l/’riU ih. ii hi.> rn.‘»!\ V.) tin* ^ htini <•1* 

hi • 'uainy t!a- lirst prt'ifrior cl* ilii-; Nrhcnia l- r hni’ tlrmt .linorp 
alth'jnyli he IrnI nn* l>;’»*ii ])rrvii>n>{\ aaquaintr.l with it. 

! >nt lli(‘ iiiv nnlinn \\ Ijirh oT all u? nntithal him Ir a phia-' 
ns well atmmy thi* soin. < il‘ y'.'nius." a - aninny the hrimracti :r>.. 
(h‘ ni.nil.iii'l, is ilia! cl'iln’ \ |ip ualU'-. I‘» a* "hivw vri-hia] 

iiavrimn-v,''’ jiir v.hich lh • v.«*rhl yauTallv r--n''iiha.5 it*«tri.n' 
<]n]>irfl In ( ’;i]itain Ma.iihy. \\ i tin ait tlin h-.i: ! ,h\a ir-‘ 

-niv I laini ilarcyatiiry t'> llm l;nr thr n' lllani i :ip{- in, v,,- 

must i*m I'nrinittrd to mhlnm •iih li pr«s»r^ .\s an' afliahn.-l .and 

(hrsa, we rnusider, an' iiuamirov (‘nil»le‘. that tlu' rr.il nn'ilt i»;' 
the invention Ih'lony.s soh ly, and in rvt rv niatmiai !< sp-.a t. t'> 
tile (|ej)arled yenins wla.'^ • nn'inorv we r »v\m x k to jv.a pi'mxiU*. 
Ills nnlimely (hmlh alll>rded Cajiiain Maidn tin o]>]n>rtnihtv 
of lirinyiny it more dia idedly ]>eli»n‘ die pidOir, and ni* eii- 
taininy the hiyli emolnmenl ol v. liiidi it v, .»s eonsidc’ i'd de- 
si'r\iny; let him, ihereiin.y periuit the empty liomuir m yilxl 
the t'sentelieon iil thi’ imdnuhled prolo-invtmtev. It is seareelv 
m.‘i*essary to deserilM* the a]>paraUis, since then' ean he but tii'v 
persons wlio are uiiacijuaiiited ivith its luitiire ami n^es. I’lie 
modt'ls of till' wlmh^ apparatvi-s onyinallv d«’]ie>ited h\ bitan. 
Hell, may he inspec'ted in the r.Mims oi' the Soeietv tor die 
I'aieonra'^eim'iit ol* .Vrts and St it'iices. Stiveial Miceessiul e\- 
liennif'nts were made at Woolwich bef<»re die DnliO el IJieh- 
Voj,. Vh -.No, 25, Jufi/, 18^0. K 
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niOTul, ihon Master-General of the Onlnance, and other dl.stiii - 
giiished 'and scientific iiidhiduals, when Jaeiit. Bell, l)V di.'- 
chari. 5 iij;.t a, shell from a mortar, threw cii sliore a ro|)<\ h;, 
which he drew hims(‘lf h) the land with ease, ol wliieli 

e\! ioU a li\i>ij;‘ sviliiess now re.-.ides a! WiJohvieh, namely, 

\\]\u at tliat time served in llie Ihe.yjil Ariilli'iv His 
siieci war, ] erfeetlv sausl'act .ry, dial, in 170*2, a. pnamnin 
•veini'a'*' v.as awarded to him for tin' inxmlion h\ die 
o{ it would seem dial {.'aj)lain Aianh;.’s 

t(! j!:: ;inadn^' of this i-onlrivance resOal sole1\ ujioii {hr 

jad.d'- '• jroiijrfion nf his tlirowin;.^ a line aeros'^ the sliip Ironi a 
le.Mi '. <'11 .>;i >re, Avliilsi faeail. {n il’s has hem dainehl 1<^ "C.',- 
iyr { il'.e i ho .-a in;.; it Iroiii da* \(“ss<‘l ou/j/. 'J’ln I'jlh'wine; <\- 
< ( i. :! in irs oh.'-eivatioiis, lransMnt(<‘(1 to the Soee l', 

<‘i' :o}«i pnldisiual in their Irans.jietlons, jfoives dial Ifi-. 

ol i! i’emj‘ie!a ji(h‘(l hotli ti!<‘S(‘ melhods: — “ dxae is evia * 
re . S '"! i<j < oneliidi' tha,t this vontii\ am*e wonhl he ^(‘ly iiselid 
ai eh ]i(»vis ol’ iliilienll access, hf)ih at lioim‘ and ahuiad, wln'!<‘ 
sh'j s e.rc liahl<‘ to strilo* ; 4 :ronnd lading' da'v ('nt<M‘ the liarhom*, 
as hliields Bar, and odoT similar silnai'iiaYs, wiien a line miLdit 
],<■ orcy fhv wliitdi mielil jivoltahly ha’ the mean'* 

Ol' in;.'* hodi li\<’s and ])ro]>erty; ‘«ind, morta-ver, if a ship 
were driven oil si ior<* near sueh a ])lae(', the ajiparalu.'. nii;.!lu, 
e;v ih* he r<'mo\ed to alford assistant «■; mid the wluh' ]fer- 
f ineantM' i.> i-o exeeediiiizly sim]-le, tliat aiiN jmtsoii (M)e<‘ .'•ei'iiij.r 
it <lnne, voinhl md '.sant any fnrthev inslrn.etion. (\dde d'lans. 
oT da* Soi'ieiy ol Arts, vni. -Jo, ]'ai'‘e loO."', 

‘* In luhlifion to tin* above e<m\inein<i; jiroois oflla' viL;ht of 
1 h .X.. 'Bell to die lionoiir (>f (his in\ «’nti(m. Iv’. o c\i(\:c(s mv 
Mil mined— IdrsL iVom Lient, Genera! ihirriM.’lon’s li’Kcr ej' 
In h .hniiiarv, I'sjiS, iransmittinj;- leporl of de' ei.mmilhM* < f 
fn-id .'ii'!)e'’rs (d' artifeiy at \\’oo.'nieh < n the Mmil-y a/jij'hraliis, 
in whicii tlu' lient.-ueia ral stalt's, *■" diat this in\en(ion ^^as 
hioned'.t foiward hydn'lale Imait, l*ell, of tin' Boval Ariil]<rv, 
nearlv i'oiir!e<n y ars since; his idi'a was to ]<r<»i(‘(t the. ropt' 
from da' ship to die shore, whieli is :e-snredl\ the im ilio«l 
im;sj lo !»<■ <lept=nd'‘d niaei. as the \es. <4 in that easi' ean ies 
the niv'.'i.ns v. iih it, and need not n'iy on any fortuitous assis;- 
anee !Vom du* shore/’ AiaJ, secondly, tin extract lr<mi the 
letter of ( 'oloiK'l Ihinis/y, <]ate,d October, Istts, eonlainin;' ji 
report (<!' ii‘‘ld <‘(iieers oftirlillevy on the Maiihv ti])]-aratns, in 
wliieli th<’ etdom-l siates, tlitit Lieut. Bell w;is pri'M'iUed 
witli a ]/rennnm from tin' Soeiely of Arts for a simihn* a]i]fli- 
ctition of ordne.nee. to come from the shi]) to die slu.re, tind ior 
lnuiit;j: also siifi:i;ested its iilililv in pnjveiinii (hr rope from 
the land iu in dai)f;or of being wicckcd.” (\ i<le reporL 
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roiiiniittiH:* of tlir. Iloiis<‘ of Commons on llie a]')]>Uciilion 
of Ca]>tain ^lanby for romumMatiou for iLo apj^aratiis.) 

li’anv jjrool be ro(|iiircil in addition to llio *d.)ove of tlic tnir 
jjiTson «MHi{1«‘d to the jnorit of tliis \ alnal>h' inv4Miti<jn, it niialii. 
i>c fniiiid in till' lin;! of liic 1 loiiso 4 )l‘ Commons haviiii^, in tlie yoar 
I !s I o, \ otrd iIm‘ sum of t*nOO b) Mrs, \ \\'hitiit‘l<l,as a ivwavd fur 
tiir ii)i;rnuily of Ian* latlaM*, in discovorin*; tlio a]>|)aratus tor ros- 
t nina* j>(M‘s(His in daj»jL*‘(‘r ol losin.q; tli(‘ir liv<'s 1.)y shipwrt s ks. 

ialilo moro remains to bo said; bis ro])iitahoji as a man ol 
' >nnd jUMotioal srioma^ was now fiil1\ ('sta]>lisli(‘(b and in 
bo prusontod ])y tbt' Diiko of irn*bna)nd, w1h> liad i'n’- 

{|iirnt1\ witnossrd bis oxpcrinionts and imro.aaa (*dly I'xprossod 
bis liijd* opinion of bis abibtjos, willi a ronnuissna) :is s(*{*ond 

li'imtimani in tlm IJoval Arrilli'ry. Sana '.vianv altrail lliis tin:*.'. 
In* v\as drspatrbod oii a sr< n-t oxp.slition, wbicb lia:! fur Us 
olijrc t ib.n d(’sii!irli< HI of llm i intrli iii ibn, d'cxrl, but, 

w))i<'h WMS ;d jaiidon ,‘d. lu.SaTm;ir\, l7fM, b(‘ was j/mm ‘b‘d 
{ » lb ' ra;dA of rust lifiibmani in lb(‘ Invalid Ibutalion in tha. 
sanir !'(' it, and ib tins statical <'onlinui‘d tdl bis doa.lb. 
l/;(‘nl, !b‘l] dird snd'b idy at ^ ^nni’iiborou;-;!), on tbo Is! Juno, 
i7b‘'b in {]\( bail'll oi' lp> siicrt'ssful cavcaT, wliilst onij^a;,^r:l in 
InijiuainH and liuinu oat da* iin*-s]iips iln \\\ aftia* ba\iji.‘ 4 - dr- 
\(U»‘d bis bc’.-t anor;.;ij's lo ibc r\ ic i' (d liis oonntry, to tijo 
iiroaosts (if sairnro. ;njd io ilio rjsus<' of b.umanltx , witboiit 
iuniin.' iv':t|Md tbos(' p4s nniary luaudils ^\ liicb Im mi.uln. !ia\a. 
v\ ason:dil\ anti(d|>ali‘(l as llio nnvjivd of iintiiinj^- oXiM-lions, irr- 
Jiinritiiif' in a s-aru's o( \aiuabb‘ disctn 4*rios. ’ — ( Srj rifr 

Jifffr/Nf/. t* » 
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It was sLatad last wta-k, that Dr Ham's, of \ ii'iina, bad 
dls( ov»*n’d a matbod of lixini*' iba inijiit ssions pnM.bua'd by 
J )ami(‘nvo{\ ]div, bv means of \>bieb tlii'se jutabielimis cam br 
ein]>IoVi‘d instead of (Mu^raved plates, and eoj>i(*s tlu'it'iroiii 
]irinli*d, as in iluj eourst' ol tbe ordinary eopja'r jdatt's, , \\ e 
now ‘,>ivc' a copy of tin* doetor\s aeeount ol bi‘‘ disetiveiy : ■ - 
‘Vlt was anujuiiei'd in tlu* \ienna (Jazeite oi tbo l^ib ol 
A])ril last, that 1 bad siieceeded in diseo\ ei tn;;’ a nu'tlmd I'v 
wliieb I was I'lialib'd bolb permam'nlly to fix ibc* pictures pr; 
diiet'd liy tlie melliotl ol’ Dap;U(‘rn', and to vemb'r tla ni av..-!‘ 
al)b^ to all ibe j)ur])os(*s c»f,t‘tebini,;‘s upon c (/))pi‘r, sieeb .v< . 
from wbicb eo]»i('s mii*’bi bt* struck olf to any ('Xti'nl, as in di.- 
cast' ol* ordinary engruN t'tl productions ; and it was stae »i in 
the same newspapc'r, that I proposed bringing my diseovei y 
immediatcdy before tbe tmldie. 
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As a .moinlxT of tins (listin^juishcil st)clt‘tv, I i.<nisiilcr it 
711V duty, first, tn iiialvi' known to this loanuHlliody a. disio\Hn\ 
ivliicli crcalcs so njiicli Iio^k*, and wliicli promises so i;Tral a 
Innivlit to tlu* arts and srii iiccs. 1'lu Vvcll known cxjirnsrs 
and dilliculiios atirndani on tin* pu!)lica(i(/n ol an (*x'it'nsi\ »■ 
work, najuiriiiL': I'ln.^ravinit's as iHaslViUivais, IimI inr, in llii' first 
installer, to lioja* diat I nfiidu i‘n:;k'!fil to vriidia- tlir di-. 
(‘o\rv\ ol* i>a^n(‘ni’ a\ailaolr !>\ imjntn t nunits, to irprrsrnt 
and fix llir ohjt'ris nrersoary to iny i\ork ; and llir first \ioiv 
of a Iirlio^rapiiod pietnir aroused in n;r the dosirr iilso to w- 

pn*^riJlj ill the nsaiiner, niier* jir oh’ni-ls, .dlhoui'h 

attoin])ts, wIlIi tin* .‘'troii;n*s{ lanipli; 4 .liis, to prodtn i‘ i‘n,L;ra\ 
or rteliiiii^s liad firm unsiircrssrnl, and tlu‘ id« a alannurinal as 
lioprlrss, niilil ro\ iird l»y a siofil of llu* hvdro-oxyj^m «>as 
niierosropr of M. Srlinli, of lirrlin, an inslriinii'n'f wliicli, in 
its power and clrarness, lias novin* lud’ovt^ laani lajuallrd or rvi'ii 
apjiroaclifd. On tin* ‘J?!!! iMdirnary last, I liad (lu* liononr of* 
layin,i^H)(‘i*oro. liir k'anicd body (iio vosulls of tlir nnitiMl in- 
A I'.sti ‘rations of my ilistiii.i^uislii'd (Miloajriu*, 1'rolt‘ssor do 
lMtin;;slianson, and niysotf upiAi this snl)H‘ct, and tlu* por« 
footly sncc'o.s.sfiil i‘\])(‘riiu(‘nls of | ictnn;s p/rrpaivd tlirongb tin 
j)r<H‘(‘ss ol pliotoj’i'apliy upon niior(\sco]at* olijiaus. Many 
1 pO(ani(nis of llu.' r(‘Milts of our i\*si arclu s and sncoi'ssful ;io 
tt nipts U‘ ouiploy photOL;ra])l)y jbr s(' icntilic and usolnl pur- 
poses tiro now plaood lu lcire you (or extuninalion, 'llirou;;!i 
tills noAv inethod, tin? I >a‘ruvvreotypi‘ is rend(‘ri‘d more I'Xteii 
six el V available for seieiilifie nsi's. la ery objeet. xvliieli is dis 
(•ernijdu to the vyv ixitb eleaniess, ean, in tlu' future, lliroiii^h 
till' nu’aiis of tlie iodined silxiT [ikdes, be niimitidy elelied, 
and, (rue to natiire, diu* sbe is lierself (lie tirlisi !) he copiia’i 
with tbe niinule>l exaetiiess. .Ibil llie betuUiful reju'eveiit;.- 
tions which we are able (o produce tliroiij^b the means of tlu' 

I )tigii(‘rreoty])e are liable to so maiix injuries, and are so deli- 
cate, Iragile, ami evanescent, that they nexiT can bi* rendered 
available i'or illustrating xvovks of science and olluT usei’ul 

]nir]5osis. 

“ ill a I VliTsliurgh nexvsjiapei, of March last, \ first saxv an 
account of some* attcmjits to Iniiig the Daguerreotyjie ]>roccss 
into general ii.>e. In the meantime, M. DagiiciTe liad declared, 
belbri’ tlie inslituie of Paris, tbe com])lele. failure, of all bis at- 
lemjits, by means of etcliiiig, to obtain tbe inijiression even of 
a single cojiy. 

‘‘ Tbe ex])eriiru*nis at St. Pete'rst)urgb, and the liope of even- 
tual success, urged me to atte'iripl to make sonu; use of the 
A )agueiW)type pictures; and 1 bt'.gan, at the comniencenienl 

this month, iny serie-s of cx])criTU(:iits= AVithoiit recapitu 
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i'H ill v.'iiifii I Avas apsisird witli rordiid zt'al liy 

M. l^'riMu is Kv;Un( lnvil:t (;i in tlKM'injdoy ol‘ |^ov(‘ni- 

inciii)- JUhI by ^1. Silnih, avIio ])l;U' 0 .d at niy clisjiosal :m ini- 
nu‘ii>‘' number oi l);;;.;rieiri';>ty pi' pliiti*^, ainl belort; I eoini' t<> 
an exp!:nKiM(»n (»}‘ Um* j niee^s by Avhieb I reiidi'r i1u‘m‘ Da- 
f;nei leol'r pi^ pieiiiies j .‘ei ine.nejit ami eapable of liinlaa’ n-ia 


1 {*onsid»u‘ it in' 

ccssiii’y lo lity lie 

i<»rc this 1(‘ann‘d body tin' 


jowin::; < bsm^ ar 

"" 1st, With 

i in s — 

the co]»pa'r ]dati 

‘S, as used at pn'sent in 

flu- 

.1 >a:^’nern‘< »l \ p«' 

prtu■('^-s, we can 

rtfecL only tin' ])4*rmam i 

.tly 

1 i v i l i;-V, l it-X i i- fb. 

f rt; I'Oi'.!; and j -n 

ot co]>n‘S di(‘relronn 



luu* i]ii' lu'lmi’rnjdne etclnn.^'s, it is ma'i'S'-’iin tlial tiio 
p’ic(ur<‘ l)e piMilui'ed V. itli die Teijuiivd iiUi’iisily, n|?<aj ])uiv 
<‘Ia uiu al >d\ i'l* ] »1ali'S. 

-Si-.b ria' eli‘liiM<_*; i)l" I lie ! )aynerveiayi.‘e. ])ief nn* is ])rodjie<*(l 
rhriHi'j;li ilii* inlliu'iici* i>(‘ nitric auid^ t(» be <‘\])l.*nned h(*r('alb'r. 

itln i i>r till' ])<‘n>iiinenlly bixinL;’ oi (la' I ):iyuerri‘'>h | t* ini' 
pri‘S'--i iii, a anii- jxiwi r is lua'i^^sarv, 

“ alia l‘\»r llie tdfuiJiiu- the I >«i/;-Ui‘rnMity|)(' ]>iclure inlo 
a <h‘>*p mt't d eti-liin;;, si^ :•'< to !)e n.'.(*di as a iiumUn <>r pi-iminiL^, 
tlie cliemieal pr^a i' S e.T (*•<; hinii.’ is id’ itsidf suiiicient. 

discc-vi ii'd na-thod oT manaj^iuji;* the I >at;ii(*nvu- 
tvj>v’ pii lin'rs ma\' lit* <ii\i«l(al into Iwo proces.M*s : 

1st, 'riii' jii'nianii’ntlN li ving* tin* design. 

-Jiitl. rin* Ciiani 4 :inK nl ilu* d<‘si;.»n, v/Ih'u oma' ]H‘nnanend\ 
fixi’d, into an et.< liini;' upon tlu' plan*, 

'Tin' nii’lliod oi' [aTniiimmlly lixini;; tine 1 >a|j:nerreoty]H' pie- 
Invi' with a irai.sparent nnUal coaliiiL?; consists in ihi' U ll .v/nij^* 
proci'ss “ - 

I lido' tin' ]ncluri‘s ])r<?dncod i/i l!i(‘ usiiiil niiiinn'r, l>v the 
i );nj:i#i’viei)lypi' inoi'css, hold, tin nt I’or sonn' miimli's om'v a 
inodi‘ratelv-’'Vanned nilib* acid va]M)ur, or siiaum and then lay 
tlu'ui in nilric ;n*iil ol 13 to 1 I Ui’anniur, in ^vliii h a con- 
siderablc (juantity of cojincr <»r silvi'V, or both togelhi'v, has 
bi/i'U ]in'viously dissolved. Shortly alter In'ine- jdaci'd thendn, 
a pi'i'ei^iitati' <d’ metal is I’onm'd, and can now bi* clian.^t'd to 
what dt'grci' ol iiitt'iisily 1 (h'sire. I llnm lido* tln^ hclioi^raphic 
pictnri*. coaled with metal, plaia* it in water, clean it, dry it, 
]a>Ush it with chalk or mat^iiesia and a dry idoth or soft lea- 
ther. Afl.iT ibis process tlu’ coatin;^ willln'eonu' clean, I'lear, 
and trans|)aren1, so that tluj jiic'ture can aj^iiin bt' easily sei'm 
'rite |^T(*al('st care and atten^oii are re<|nired in pn'parini; the 
Daj^nmTetitypi? ini] ires, sioiis inteiub'd to lie ])rint(‘<l I’rom. 1 he 
jiietnrt' must be carerully treed Ivom iodiiu', and pn'jian d upon 
a ]»latt‘ of tlie most- chtmiically pure silver. 

‘" 'riiat the production of this picture should he ci'itain of 
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siiccoodimf, accordinf^ lo [he t’Xpnhnuiits of M. Kratnrijv.iliu 
it is iK'crssiirv lo iniiU' a silver with a (.■()]t])(‘r piale ; wliile, 
oilier (H'casieais, vvitlioiil lieiii^i; able lo e\j;l:uu lli'-' ie:i" 
sons, deep I’ieliinn-s jir iiiipn ssions ;nt‘ proilueed, wida-it the 
;*:'sisl;niee ol' tiu' f.',pp(‘r plate, nnon ]iuvi‘ silver ple-le. 

“ 'Hie plate v\i!l now. upon the sp'n win le ;u id onulil not lo 
droppiel, ’oe Nainisbed ; then In ld lor one or hvo ininnle:^ 
o\('i‘a \\eak warm \aponr (W .‘ia aiii, oi” ’Jo lo *)«) ( jieimn.nr): 
ornitrie aei<l, ami then a SMliilion ol‘ r;iim ;n‘abi( , ot the «•'■!>- 
sieaenei- <»i' lionew mn•^l 1 m' poured (,ver it. a.nd it mnsl lie 
])l;n‘e(l in an horr/onla! v. iili t !u' on j I'rsMen li] jier- 

iiiost, lor so, me niniah's. dlien place tlx- plete, ])\ means .n a 
ivind oi'd.'iiihle pinei'ile .'’llo'a* ends cled eoiitiii;/ 

o!' a^'idiali or jiar.l uo<fd), in nitib* ;e el. at I J oi‘ Id , bemnciir;. 
le i the eoatin;;' niell idldjr (ii-appeec, end eom- 

nii'iiee now to adid, tlMrn^e.h emefnlly emd n’l'adiially, at a dis- 
r:i!:e(' iV.-m the |(ie{iin\ a <d niirie ea id, o! lomi jd I s 

dJ. , lor till' ]Mir]so.M‘ (d* deepei'.inj;' s>r inereasin;.'; d:*' {-I'inii;; 
p(e.v{‘r of die s(jlntion. Alter the aedl has a]Ti\ <’d at !(> to 
17 {'Ib'amnnr;, and i}i\yv>> otT a*|H’:‘‘di::r l’•itin:r ve.ponr, v- :iie!‘ 
poweiiiilh' alleels (he sense of s)nelli,Mi;. die im ta! Ina-onn 
softened, and then, ^'enevally, the ]:ro('ess eon'mema s < he.iiy- 
iiij^* the shadow npou (he plate into a deio) enera'. iiea’ ^'(‘‘hne':. 
This is the di'( isi\e immienl. and npoii it niml he l/e.-towed d^e 
po’eaii'si att(M)iion. The l)(‘s| nndlioil of jMo\iii;»‘ il i!s(' aeid he 
stronj;’ (’iioie^h is to apply a drop of the eadd in ulneh tin' paste 
now lii’S to another phile ; il da* aeisl make no impressi iii, it 
is, ot. ’-'nrs(‘, nee**ssar\ to eontiune aihlnej; niliie aeid ; d, how- 
ever, it eornah’ too deeply, then it is lu'cessrov to m!-! waiio’, 
the aeid beinj^ loo stron;;. * d'he j^Tea’i'st. atti'iilion mnsi he ise- 
stowed upon diis preeess. If the iU'iil has laam loo ]!ot*.‘nl, a 
fermentation or white liodi will e<»ver the wlade |)ie(nie, and 
dins lust alone the surface of the ]iielnn\ hut also tin* \ihole 
snrfaee of di(‘ plat(‘, will (|iiiekly las eisrnided. \\ hen, by a. 
jiroiier sirenjj;tli of tiie elebinj;’ jiowers «)f lln‘ arid, a soft and 
e\pressi\e oiidim' of the pieinre shall he jiKsdneed, tlieii may 
w*‘ liojie lo linisli this nnd(‘rtakini»' liivorablv. We lia.ve uotv 
only to Lfiiard a;;ainst an ill-n^easiin'd division of tin' aeid, and 
the a\oidanee of a jneeijiitate. 'lo attain (his end, 1 fn*- 
(juently lift llu' plate out of ilu' lluid, takini^ can' that tin' 
(‘telling power shall he din’cUal to whatever part of the ]ilal(‘ it 
may have ivorked the h*as}, and sv'i'k to avoid the Imhldes and 
])roeipitat(' b\ a gentle movenieiit of the aeid. 

In diis manner the jiroei'ss can be eontimied to the jirojier 
])oints of strength and chMniess of (‘tehing reijuired n]ioji tlie 
plates from w’lileli it is proposed lo jirint. 1 bidieve tliat a man 
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< )]' , \\ lio »nifi,lu iiitt'n'M* <1 u ?j1i |]ii- -jrl. « >1’ n*.*, :mii1 
•»vli.> liavl ;uM[nin*»l .i rcslruii mT (Icxti rny in ^in ]';nin;^ 

f‘-»r iu won.UI vrj v SiJoii iirrivn ;u tin' rli'.n ir.*;.s and im r 

; and, i’nap. iny <*v ut ricnr^*, i { oir-iiilt'r llan. In* \v.,nld 
Si ). >11 ))<' ablt' lo sirnniiiy lii(‘ ]>n:. rxs. | liav(* tiii .1 v .’vy 

;>ln n l»> >>inii Ini' sn ■nninp; and llin ; but t.n(‘ mailt 

\ no;. r.ali.^r.n lorN , or l.h** j'-i<-;nrr vi iy s-xai a.l'or vs as rnli, oU 
< ios! :'o\ ; < 1 , so di-n. I was r-oni| joI li-d. aysnn 1o m.i\c r. coir- sa to 
di 'OJ. 

■* 'i’ii*.' I I'-b wliirbi I j-.a.M' nn:l;-r:'d .'ii o- no.v {‘nlly -larldrinod. 
i)\ {il.n'in;’; in lla* Innd - o| this lon'ni'd, l>ndv niv nirlljod ol 

t'obinii; and jM-indn;.^ iVom iha S >a;.;uprr(a»ty | jp ];l;dps. wliiah 
{nloriiaitiui), 1 )Pj! 5'; niiiifd lo k]ifiw]pd;j:c and niallinnialit al 

r \ l>‘. rii‘nri‘ ahe ad » ] i. ksso'^'-:. and to ili<‘ world, 

OKU' (‘jaan a. road to oaloin-ivt' in>])rou‘'iiiPin iii tlin arts ainl 
r.. l aa, a.-.. ilaa*; o|k m»\ slatanaan To t}i«‘ sri(*nli/ip 

vviiuni earn "Mii Oiilv N' i<n in-; h]r. 


fj is*"0 r i /*// i\f If: V ^Idk'in i- t'S ( \if(//f{fSS. 

• 

Miudi inUM'Psi tinni Tor over all apli ro iho d’snovory of this 
( list rnnipnt , and ^ ot tinarv' arc' low snlni'C't.s roinaTnlnij; v.liK'h 
is kiio\\n. {'ora poriorl, tin; huntnn* of ihc invi nlion Avas 
ara rilaal to (doia, a or bdn]> oa]>tain, born at Pasitaiio, 

a small \i!{aL’’o sitnatc'd ii(*ar Malplii, or d. inalli, al>ont llu* oiid 
<d* tiip tliiripontii <a*nlury. Ills tdainis, howovor, have lieeii 
di.-puted. Aefordin^* to sonu*, ht' did not invent l)ut. iioprove 
it : and ar('ordin^i»- to otlioiv, In^ did iieitlicr. Alncli U'arnlng 
and Ldior liavi' hi'en bestowcMl ttptin the sidijeet of tlie dis- 
eovi'rt. !♦ has heen maintained hy one ela.-s, that even the 
Idnenicians were the invent<n\s; liy anothc'P, tliat tl)e Chveks 
and Romans had a knowled^a? of it. Snell notions, howcv('r, 
have heen eoniplelely rel’iited. One passai^e nevertheless, of 
a J?erv remarkable ehaian tcr, oe(*urs in the work of Cardinal 
de \dtrv, bishop of Iholenuiis, in Syria. He went to Pales- 
tine* during the fourth crusade, about; th(i year 1204 ; he 
returned afterwards to Purope, and suhst‘<piently Avent. hack 
to the Holv Land, wliere luMvrote his work c.*ntitlcih Historia 
Orientalis/' as nearly as c*an ho determined, between the year.- 
1215 and 1220. In elurp. xei of that work he has this 
singular passage ->Hhc iron needle, after contai't with the 
loadstone, constantly turns to the north star, whieh, a.s the 
axis of the linnainent, remains immoveable, AAiiilst the oilier^ 
revolve; and hence it is essentially necessary to navi- 
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gating on the ocean.” These words are as explicit as th< y 
are extraordinary ; thej' state a fact, and announce a use. 
The thing, therefore, which essentially eonstilutos the com- 
pass, must have been known kwig before the birth of Gioi.e 
In addition to this fact, there is another equally fatal to hi::; 
claims as the original discoverer: it is now settled l^eyond a 
doubt, that the Chinese were acquainted with the couipc.ss 
long before the Europeans. It is certain that there are allu- 
sions to the magnetic needle in the traditionary period o\' 
Chinese history, about 2, GOO years before Christ; and a still 
more credible account of it is found in the reign of Cliiiig- 
waiig, of the Chow dynasty, before C^hrist 1,114. All tliis, 
however,, fnay be granted, without in the least impairing tlir 
just claims of Gioia to the gratitude of mankind. I'he trutli 
appears to be this: the position of Gioia, in relation to tlic 
compass, was precisely that of Watt in relation to the stca?n 
engine — the element existed, he augmented its utility. * "J’lm 
compass used by the mariners in the Mediterranean, during 
the twelfth and thirteenth centures, was a very uncertain ami 
imsatisffictory apparatus. It consisted fenly of a magnetii' 
needle floating in a vase or basfn by means of two straws or 
a bit of cork supporting it on the surtiice of the water. The 
compass used by tlic Arabians in the thirteenth century was 
an instrument of exactly the same description. Now tlie in- 
convenience and inefficiency of such sCii apparatus are obvious ; 
the agitation of the ofean, and the tossing of the vessel, 
might render it useless in a moment. But Gioia placed the 
magnetized needle on a pivot, which ])ermifs it to turn to all 
sidesi..^]k’ith facility. Afterwards, it was attached to a card, 
divided into thirty-two points, called llosc des Vents ; and 
then the box containing itf was suspended in sut4i a manner, 
that however the vessel might be tossed, it would alwa^y-s re- 
main horizontal. The result of an investigation participated 
by men of various nations, and possessing the highest degree 
of competency, may thus be stated. The discovery of the 
directive virtue of the magnet was made anterior to the time 
of Gioia. Before that period, navigators, both in the Medi- 
terranean and Indian seas, employed the magnetic needlt^ ; 
but Gioia, by his invaluable, improvement in the principle of 
suspension, is fully*cntitled to the honor of being considered 
the real inventor, in Europe, of the compass as it now exists.” — 
CampbilVs Maritime Discovery, 
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IM. Oil Induction ( continued ). vii. Conduction^ or ro//- 
duct ire disclia/yjc, % viii. I'llcct roly tic disefianje, ^ ix. 

Disrnptirc discharye — Insulation S/xirk — Jirtish--^ Dif-- 

Jirdice of discharge at the j^osi/icc. and ncyulicc surjaas 
of conductors. 

i 

r ]»vooe(;(l now, noconliii*? to iny proinigo, to ex- 
:unin(‘, by tlic j^roat facts of electrical science, that theory of 
int}a» lion which 1 have ventured to put forth 12U,>. &c,) 

'J’he jiriuciple of induction is so universal that it ])ervades all 
electrical phenomena ; but the general case which I purpose 
at present to go into, consists of insulation traced into and 
tenriiuating with discharge, with the aceoinpaiiying etlects. 
'J’his case includes the various modes of discharge, and also 
the condition and characters of a current ; the elements of 
magnetic action being amongst the latter. 1 shall necessarily 
have occasion to speak theort?tically, and even hypotheiiivdiy ; 
and though these pa])ers profess to be experimental n'searches, 
1 hope that, considering the facts and investigations contained 
in the last series in support of the particular view advanced, 
Voi,. \ — No. 2(}, /liuptsi, 1840., b 
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1 shall not bo considered as takinp^ too much liberty on the 
present occasion, or as departiiiij; too far from the character 
which they ought to have, especially as 1 shall use every 
opportunity which presents itself of returning to that strong 
test of trutli, experiment. 

1.‘3I9. Irifiuction has as yet been (considered in these ])apcrs 
only in cases of insulation; -opposed to insulation is (lisclianje, 
'ri/o action or ellect tvhich may he expressed hy the g(.meral 
tei*m (liscliayjfe, may lake i)lace, as far as we are aware at 
present, in several modes, 'riius, that wliicli is simjdy calle(l 
condnetion invedves no chemical action, and apparently no 
displacement of the ])articles (conconied. A s(T,ond mode 
may be (‘ailed tdertruliftir discliaqjif' : in it chemic'al action 
does oc(‘iir, and ])articli\s must, to a cin-tain degrei*, l)e dis- 
placed. A third modi*, nanncly, that by sparks or Inushcs 
may, b(»cause of its vi()lont (lispl;i(*einent of the p:u*ti(‘les of the 
dielectric in its course', b(^ (‘ailed tiie disrujUivc disclninjc; 
and a fourth may, perliaps, he conveniently distingnished for 
a time by the words convection^ or car^'ifitif/ discharge, being 
that in which discliarge is eirM‘t(»d either by the carrying 
pown^r of solid particles, or those of gasi,*s and rKpikls. Here- 
after, perhaps, all tlu'scj modes may ai)pei.ir as the result of 
one common principle, l)ut at present tiioyrc()uire to bo con- 
sidered aj)art; and 1 w'ill uonv speak, of the mode, for 
amongst all the forms of discharge that which we express i)y 
the t(3rm (‘onduction a])p(Ws tlm most siinjde and the most 
directly in contrast with insulation. . 

vii. Conduct ion, or condnclloe dlschanje, 

1 320. Though assumed to he (essentially din'ereiit, yet neitiier 
(bivendish nor Poisson aftmnpt to explain by, or even state 
in, their thcork's, what the e.ss(?ntiid dilli rence betwemf insu- 
lation and conduction is. A'or have 1 anything, perhaps, to 
offer in this r(?spcct, except that, accord nii^ to my view of 
induction, both it and conduction depend upon the same mohi- 
cnlar action of the dielectrics concerned ; are only (‘xtreirn? 
d(\gre('s of one common condition or ellect; and in any suffi- 
cient mi]themati(ail theory of electricity nnist be taken as cases 
of the same kind. Hence the importance of the endeavour 
to shew the coniicxiou between them under my theory of the 
el(?ctrical relations of contiguous particles. 

1321. Though the ac.tioii of the insulating dielectric, in the 
charged Leyden jar, and that of the wire in discharging it, may 
seem-i ery different, they may he associated by immerons inter- 
mediate links, which carry us on from one to the other, leaving, 
I think, no necessary connexion unsuppliod. We may ol)- 
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serve some of these in succession for ijiformation respecting 
the whole ease. 

1322. Spennaeetl has been oxamiiitMl and found to be a die- 
lectric, through which induction can take place (1240. 1210:, 
itr:- s|)o<-i(ie luchietive t-apaoity being about or above 1 *8 ( 1270.) 
and the inductive at^lloii has been considered in it, as in all other 
substances, an action of contiguous j)artich\s. 

1323. Ikit speruia<*eti is also a condnv.li)t\ tliough in so low a 
degree that w e can trace the jn-ocess of conduction, as it w ere, 
step hy step through the ni;jss (1247.): and c\en wlien the 
('lectric forc e has travelled through it to a c ertain distance, we 
can, by retnoAing tlio coerciti\e (which is at the same time 
th<^ inductive) forcag cause it to return npcai its path and re- 
appear in its first place (1243. I24(.).) Iu‘re induction aj)pears 
to he a necessary preliminary to crinduction. ft, of itself, brings 
tli(* contigiUHis parti(‘h‘s of the dielectric int(*a (‘crtain condition, 
which, if retained by them, ccuistitutes itisidalion^ but if low- 
('red by tlie cotnmnnicatlou of i)ower iVoni one partiede to 
anotluM', f'onstitutes 

1324. If r/Zc/.vv or .s7/c//-/ord)e (he substance s under consider- 

ation, (lie same cajiabilitie:-. of r ufieving cither indnetion or con- 
(hic'tion tlirougii tliem^lppear ( 1233. I2.‘>lb 1247.), but not inthc^ 
same (h'gree. dlu' conduction almost disappears (1231). 1242.) ; 
the inclmdion tberefoiy^ is sustained, i. e. tlie polarized state 
into which the inductive force has brought the contiguous par- 
ticles is retained, thc‘re being little disciiarge action between 
tliorii, and tiuTcdbre the insulation continues. 15ut, what dis- 
c harge there is, ai)pear.s to bc‘ c*onsec[U(n\t upon that condition 
of the particdc's into whicdi the induction throw s tlunu : ?ind thus 
it is that ordinary insulation and conduction are closely asso- 
ciatcnl together, or rather are exTrerue cases of one common 
conditio^i. • 

J .‘125. In ice or w ater w e have a better conductor than sperm- 
aceti, and thevphenomema of induction and insulation therefore^ 
cpiiekly disappear, because coiuhictioii (|uickly follows upon 
the assumption of the indnetive state. Hut let a plate of cold 
\ve liave nietallie. coatings on its sides, and c*onnec't one of 
these with a good cdeclrical mac hine in work, and the other 
with the ground, and it thciT becomes easy to ol)serve the 
phenomena of induction through thc^ ice, by the eleetrical ten- 
sion whic'h can lie obtained and continued on botli the coatings 
(419. 42(i.) For although that portion of ])ow^er whic h at one 
moment gave the inductive condition to the particles is at the 
next lowered hy the consequent discharge due to tlie conduc- 
tive act, it is succeerJed by another portion of force from the 
machine to restore the inductive stale. If the ke be converted 
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into watL'r, the same siiceesslon of aetlons eaii bo as easily 
proved, provided the water be distilled, and, (if the men hine 
be not: powerful enough) a voltaic battery be employed. 

1 32(!. All these considerations impress iny iniiul strongly with 
the conviction, that insiilalioii and ordinary conduction cannot 
be properly s(‘parated when we ar(^ e?^anuning into their natun'; 
that is, into the general hiw or laws under w hic h tiieir plu*- 
noTuena are produced. "I'hcy appear to mo to consist in an 
cUdioii of eoiitiguous particles, ([(‘pendent on the forces devel- 
oped ill eleetru'al excitement ; iliesc forces bring the particles 
into a slat('of tension or j)ola.rity, which (*onstitnt('S both uifliir- 
/ion and iiisfila/ion ; and l)eing in lliis slatig tise {•e.itinuous 
particles have a j)()wcn‘ or ca])al)ility of coinmunicating their 
forces one to the otlier, by wliich they are lowered, and dis- 
cbargi? (X'curs. Ihory laxly ap[)ears to discharge (4 M) ; bur 
t!i(^ possession of this (*a[>a!)dity in a yrmlcr or snuilhfr dryrn 
in dillerent bodms, makers tlunn better or we»rsc conductors, 
w(jrse or hetten* insnlatoi's ; and ])f>th indite/ ion. and i ondac/iuit 
ai)pear to he tlie same in tlu;ir principle and action 
except that in tlu* latter an ethx^t coinmoh both is raiscul io 
rh(^ liighest degTCH‘, whereas in tlie fon/nn* it oi'curs in the beet 
cas(.v, in only an almost insensible ([uantjity. 

11527. Hint in our attein])lsto penetrate into the nature ol 
chx'trieal action, and to deduce laws more general ihau tli(>.':e 
we areal ])reseut acapiaintod with, wo slioirld endeavor to hriiiir 
apparently opposite eHects to stand side* by side in Itannonious 
arrangemetd, is an opinion of long standing, a,nd sanctioned 
by the ablest pbilosopiiers. I hope, thertd'ore, I may l)e ex- 
cused tlu3 aUemj)! to look at tlu' ihgliest eases of eondnctioir 
as analagoiis to, or even tlu'. sam(3 in kind with, those of induc- 
tion and insulation. 

1 :528- If w e consider the slight prmetratlon of sulphur ( 1 2^11. 
1242.) or shell-lac (1 2,44.) by electricity, or tla^ leebUn* insulation 
sustained by spermacadi (127!). 1240.), as essentia) coiiso 
quences and indications of llieir condnr/iny power, tlieii may 
we look on the reslstaiu c' of metallic wires to tlie passage (It 
electricity through them as insulating pow er. Of the numer- 
ous well know 11 easels fitted to shew' this resistance in what art? 
called the perfect conductors, the experimi?uts of Professor 
Wheatstone best serve my present purpose, since they were 
carried to such an extent as to shew' that lime entered as an 
element into the conditions of (^ouduetion’^ (?vcii in metals. 
When dis<4iarge was made througli a cojiper wire 2G4() feet 
in hnigth, and 1-1 5th (»f an inch in diameter, so lliat tlie hi- 
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luiuons spniks ;it each end of the wire, and at llu^ middle, 
eouhl be obt^erved in lh() yame plac(‘, tiio latter was found to 
hi? sensibly beliind the two former in tirnc*, tlu^y beiny by the 
conditions of the experiment, sinndtaneour^. 1 lence a |»rouf 
t)f retardation ; and what reason i*an ])e uiven why this retard- 
ation should not be of the sanu^ kind as that in sjnenmnadi, or 
in lac, or sulphur? ]hit as, in tlunn, retaialation is ins\da- 
tlon, and insulation is induction, why should we refuse the 
same relation to the same exhibitions of forc e in th(‘ metal-.. 

\Velcariifronirh(.‘ expei iiiient, that if tiwe he allowed 
retardation is ‘jraduailv overcome ; and tin* same thine: obtains 
for the .-^permaciui, tin' la(‘, and elass ; iri\(' hut tiine in pro- 
jxjrtion to the retm*<l:jt ion, and tiie latltn* is at last vaiK'ni-hed. 
Ihii if that h(' tlu' cas(% and all tin' results are alikt' in kiml, 
tiu' only diiTercic e l>t‘inu in the lengtli of time, win* should wi^ 
refuse to iMcials the previous inductive, action, winch is ad- 
mitted t<i occur in the tdlier hAdit's ? 'I'he dimuuitioii of /i/jic 
nc m'yatiim of the action ; nor is the lower doyna* oftciisioii 
\'e(^nisite to taiu.M* tliy forces to traver-sj the nu lal, as coinparcal 
to thar nticessary in the fast's (jf water, s[)cr!nacc‘l i, or lac. 
'i lK’se diller(.‘Uc(‘s would only point to tlie conclusion, that in 
metals the p;xrtich^■^ fuider induction can transfer their forces 
when at a low(*r (h'uree of tension or ])olarity, and w itli grcat(.*r 
facility tlian in the in:jlmu*es of the* other l.)o<li<‘s. 

Let us hxdv at Mr. Wheatstone's hcautifnl experiment 
ill an(»ther point t)f view. If, leaving tln^ arrangement at tin*, 
middh* and two ends of tlu* long <‘oppi*r wire unaltered, we 
remove tin? two inter\oning portions and replaci* thinn ])V 
winrs of iron or platiiia, we shall liave a much greafer r(‘lar- 
datiou of thi* middle s])ark than before. If, r(*mo\iiig the 
iron, we w en'o to suhstilnU* for it*only livi* or six feet of w atcr 
in a eyliinier of the. samc^ diameti*r as the metal, weshonld 
laive si ill greater retardation. Jf from water wo passed to 
spermaceti, ettlu'r direetly or by gradual stc'ps through other 
bodies, ((*ven though wc might vastly enlarge the bulk, for 
the purpose of evading the oecurreiiee of a spark eLsewIiert^ 
(Lh’H.) than ;it tin* three proper intervals,) we should ha\t* 
still greater retardation, until at last we might arrive*, l)v 
degrees so small as to be inseparable} from each other, at 
actual and permanent insulation.. What, then, is to sejxarati* 
the principle of these two ext.rcnu*s, perfect conduction and 
perfect insulation, from each other ; since the momi'iil w e 
leave in the smallest dtigree perfe.ction at either extremiry, w e 
involve the element of perfection at tin* opposite end ? 
Lspc'cially too, as we liave not in nature the c ast' cf ])erfcct ion 
cither at t>iic cxli*vmi<\ or (he ‘»ther, (’UJum '>t iu^ul.ili'm (u 
‘onducti(un 
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133\. Again, to return to this hoaiitiful experiment in tlie 
various forms wliieli may be given to it. : the for(*cs are not all 
in the wire (after they have left the Leyden jar) during tlie 
whole time (1328.) occupied by the discharge; they are dis- 
j)ose(l in part through tlio .surrounding dielei trie under the 
well-known form of induction ; and if that dielectric be air, 
induction takes place from the wire thro\igli the air to sur- 
rounding conductors, until the ends of the wire are cl(H*tri- 
eally related through its length and discharge has occurred, 
i. e. for tlie time (iuriiig wliich the middle spark is retarded 
beyond tlie others. I'liis is wcdl slunvii by tlie old cxjierimeiit, 
in which a long wire is so hent that two parts (Plato 2, 
fig. 1. o. h.) lU'ar its extr(3mities shall approa(*h within a short 
distance*, as a (juarter of an inch, of i*ach otlier iu the air. If 
the discharge of a L(*yden jar, (diarged to a suilicionLdcgree, 
i>e sent througli such a wire, by far tin* largest portion of the 
(?lectri('it.y will jiass as a spark across the air at the interval, 
ami not by the metal. Does not the middle part of the wire, 
therefore, act here as an insnlating rnediMiiv thougli it be of 
metal? and is not the spark through the air an indication of 
the tension (simultaneous with induction) of the ele(‘trieity in 
the ends of this singh* wire? Why should not the wire and 
the air both be regarded at di<*loctries ; and the action at its 
(Oinmcncemont, and wiiilst there is tension, as an inductive 
action? If it acts through the eontort(*d lines of the wire, so 
it also docs iu curved linos througli air (1219. 1224.), and 
other insulating dielectrics (1228.)*; and we (‘an apparently 
go so far in tluj analogy, whilst limiting the cast* to the induc- 
tive aedioh only, as to .shew that amongst insulating di(3leetri(*s 
some leatf away the lines of force from others (1229.), as the 
wire will do from worse conductors, lliough in it the priucijial 
effect is no doubt due to the ready disc harge betw ecu the 
particles whilst in a low .state of tension. The retardation is 
for the time insulation; and it .seems to me wc may just as 
fairly compare the air at the interval A, (fig. 1.) and the 
wire in the circuit, as two bodies of the same kind and acting 
upon the same principle.s, as far as the first inductive pheno- 
mena arc ('oncerned, notwith.standing the tlifferent forms of 
discharge which ultimately folfow^,"*^ as wc may compare, 
according to Coulomb’s invcsligations,t different lengths of 
different in.sulating bodies required to produce the same 
amount of insulating effect. 

• Thes« will be exaniiiicd heveafier (UUS, &c.) 

; Mraioirr.s rU 1’ .AcuUtJine, j>. 61 or Knov. Dritann. rir&l S«pp. 
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J 332 This comparison is still more striking when vvt; takt; 
into consideration the experimciit of jNlr. Harris, ‘in which he 
stretched a fine wire across a glass globe, the air within being 
rarefied.*^ On sending a charge through the joint arratige- 
ment of metal and rare air, as much, if not more, electricity 
passed by the latter as by the former. In the air, rarefied as 
it was, there can he no doubt the discdiarge was preceded by 
induction (1284.) ; and to my mind all the circumstances 
indicjato that tlie same was tVie ease with the nuital ; that, in 
fact, both substances arc dielectrics, exhibiting the same efiocts 
in consc(juonce of the action of the same Cciuscs, tlje only 
variation being one of degree in tin* ilillcrent substances 
employed. 

1333. Jiulgii^g on these prineiph^s, velocity of iliseiiarge 
through the same wire may be varied gr<*atly by attending to 
the (‘irurnstauces which causi^ variations of discliarge through 
spermaceti or sulphur. Thus, for instanc(s it must vary 
with the tension or intensity of the first urging force (1234. 
1240.), whitdi tension is <*harge and iiiductiou. tSo if the two 
ends of tlje wire. In Professor Wheat stone’s exjx'rirnonr, wore 
irnmodiately connected with two larg(^ insulateil metallic sur- 
faces exposed to tliotair, so that tlie primary act of induction, 
after making the contact for disiluirge, might he in part, 
removed from the internal portion of the wii*e at the first, 
instant, and disj)osed for the moment on its siirfa(*e jointly 
with the air and surrounding coiuluclors, then 1 venture to 
anticipate that tluMuiddle spark would he mori’: retarded than 
before ; and if tlu\se two plates were tiie inner and outer coating 
of a large jar or a Iweydeii battery, then the retardal h)n of that 
spark would be still greater. 

1334, (.’avoiulish was perhapTi the first to shew distinctly 
that discharge was not ah\«ays by one c]uimicl,t but, if several 
are present, by many at once. Wo may make these ditferenl 
channels of dittevent bodies, and by proportioning tlieir thick- 
iieSsSes and lengths, may include such substaiice.s as air, lac, 
.spermaceti, water, protoxide of iron, iron ainl silver, and by 
one disi hargc make eacli convey its proportion of tlic electric 
force, Perliaps the air ought to be excepted, as its disci largt; 
by conduction is tpiestionahlo at present ; but the others may 
all be limited in their mode of discharge to pure c()n(ln(‘tion. 
Yet several of them .siifier previous indiietion, preiusely liki‘ 
the induction through the air, it being a necessary preliminary 
to their discharging action. How can wc therefore sep.irate 

* Philosophical Transactiuns, Irt.at, p. ‘iti. 
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aiiy one of lh!\so bodies fnviu ihe ntliers, to the prim ijifi s 
(Uul mode oT Jnsulatin<i‘ ;\ihI eondieMiii'r, c'X(‘('j)t by niere d(‘- 
? All si»em to vne to be dieliY-lries aelin;^- alike, ;ind inide^ 
the sam<'. eoimnon la\\s. 

I loigbt draw aootber arirunuMit ill favor of llu' 
e;<Mieral sameness, in iiar.uve and aelion, of ufood and had con- 
ductors (and all the bodies I refer to are (7:)nduclors more or 
less), from tin? ])('rfect e<jnij>oise in action of vi'ry diilercml 
bodies when opposed to ea(*h other in inaLrneto-oIectnc indnc- 
tiv(! action, avS tbrnievly <lescribed (2 Id.;, Imt am anxious to 
1)(' as brii'f as is consistent with tin* clear examination of the 
jirohahlc trutli of my views. 

Id3(). With n'yanl to the po-'t's^^ion hv iht* iL!as{*s of an\ 
condiictine' ))oW(n* of the simple kind now under eonsidt*ratloiK 
th(' (juesfion is a very diliicnlt om* to ilcicnnim* at pr(‘scnt. 
(]x])eriments seem lo indiixate that tliev do insulate I'ortain 
low degriH‘s of temsion perfccily, and that the (dfecis wliich 
may have apjicared to In* 0 (*casionc(t by rondttriion havi' hem 
llie result of the carrying ])ower of the <'harged ]).uticl('.-, 
('ither of tin* air or of dost, in it. It is (‘<jually certain, liow- 
ever, that with higher degre(‘s of tension or eh.irge lliey di-- 
<'harge to one another, and that is eondnodon. If they possess 
the pow(?r of insulating a eortain low d(\gre(; of tension (;on- 
tinuonsly and piufec.tjy, such a result , me v In? due to their 
peculiar physical stale, and th.e condition of separation und(*r 
wliieh tlieir partich's are placed. Ibitinthat, or in any case, 
we must not forget tin* tine I'xperimcnts^of ( ‘agn'tard d(* la 
Tour,"*^ in whicii he has shewn tlsat lii[iduls and th(*ir vapors 
can be made lo pass gratlually into each other, to tiu? entin* 
removal of any marked distinction of tlie two stat(*s. Thus, 
liot dry steam and cold water pass liy insensible gradations 
into eaeli other; yet the one is amongst the gas(\s as,an insu- 
lator, and tlie other a comparati\ely good condnetor. As to 
condueling power, tberelbnj, the transition froi/i metals evim 
up to gases is gradual ; sulistanccs make but one series in ibis 
respect, and the various cases must come under one condition 
and law (444.) 'i1ic specitic ditibrenca^s of bodies as to con- 
ducting power only servij to strengthen the g;encral argninent 
that conduction, like insulatioiv is a result of imluction, and 
is an action of < out ig nous jiarticles. 

1337. 1 might go on now to considf*r induction and its 
concomitant, condacAUm^ through mixed dielectrics, as, for 
instance, when a charged body, inst<*ad of acting across air 
to a distant iininsulat(*d conductor, acts jointly throngh it and 

' Auiiak'.- <1<’ Cljiinio, \\i. pp. I'JT.ITS. or Quartcrli .lournni oC Srimcc, w J r>. 
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ri!i iiiti.'rpo.sed inisulatod ('<nidih"tor. lii siu-li a liu* fni* 

.^and the* condiU'tiiig body are tli(* mixed di« lorl lies-; and tli * 
"^latter assumes a polarized eondiliun as a m;e.*s, like tliat wliic.l! 
niy theory ajjdiiiiies each particle, of the air to possess at tlh- 
same tim(?. Hut I fear to he tedious in the present condition 
of the .suhjeet, and hasten to the consideration of otlier matter. 

1338. To sum up, in some deoroe, what lias been said, 1 
look upon the first elUKrt of an excited body upon neiyhhourln j 
niatt(M-s to bo the production of a j)olari/ed state of their par- 
ticles, whicli coiibtitutes ; and this aris(?s from its 
action upon the particles in innnediaU^ contact with it, which 
attain act upon tlios(^ co)ili;^uons to tlieni, and thus tlie forces 
are transferred to a distance. If t!ie indm-tion remain umli- 
minished, then perfect insulation is tin* conseoiiencc ; and 
he hiyher the polarized ('ondition which the particles can ac- 
quire or maintain, tiu! higher is the intensity which may hi? 
i/iven to tiie actiiiy^ forces. If, on llu‘ contrary, the contiyu- 
ijiis particles, upon acquiring the pedari/cd slate, have the 
povv'er to conmumicato their forces, llicu conducti<ni occurs, 
and the ten.-dou is Rjwered, conduction being a distinct act of 
discliarge between neighbouring particles. Tiie lower tin. 
state of tension at \vbi<|li this discharge lietweeu the j)articles 
of a. body takes place, the better etmdnctor is that body. In 
tins vi('\v, insulators may be said to he bodies wliosc paniel(\s 
<*a,u retain tlie polarized state : whilst, eonductors are those 
whose ])ariicles cannot be ]»ermanently polarized. If I In* 
right in my view of induction, thou I consider tlie reduction 
of these two eilects ;^\vhieli luue bee>i so long held distinct ) to 
an action of contiguous jiart.icles obcd.icnt to one couimgu law, 
as a very important residt ; and, on ibc other hand, the 
idmility of cliara(*Un* wliicli the tv/o accpiire when viewccl by 
the theory ( I3'2t).), is adilitivnal ])rcsumptive joAiof in fa\m 
«d’ the correetness of the latter. 


That heat has great inlluenee o\er sim{)le couvhu'tioii 
is well known (4-10.), its ofiVurt heinir. in some ea^(^s, ahno>r 
an entire change of tlie eharaeters of the body (432. KUO.) 
Harris has, however, sliewn that it in no respect aiVects gas- 
eous bodies, or ath*astair;^ aiTd Davy has taught us that, as 
a class, nnUals have their conducting power diminis/ird by it-t 
1340. I formerly described a substance, sulplmret of silver, 
wdiose t?ondn(4ing power was iiiei'oased by lieai (433. 437. 
438.); and I have since then met with another as strongly 

l*lulosf>j>hic;il Transactions, I.*ai, ]>. *J30. 
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airoorod in tin' .sainn \va\ : Ihis is tlnoriil<* of Whaii a 

pUHH' ()1‘ {hat h>n1)^tiini‘c, whirli had Imh-u fnsod and ( oolcd, wa.' 
introdiuod into tho circuit, of a \oltaic battcr\. it stop]>cd thr 
cnrrt'nt. lioin;^- licatcd, it acquired condiu'tin;; po\v(‘r^ hcfoia^ 
it was vibihly red hot in daylly:hl; and cvc’i .sj>arUs t'onld he 
taken agaiiisi it wliilst still solid, d'he enna'nt alone tlnn» 
raised its ti'niperature (a.s in th(‘ rase oi' snljilnnet ('t silver) 
m)li! it In-rd. alV.'r \\hirh U si-rnu'd 0> r-oealic I a:' well a-liiO 
juetallie ^ess(‘l conlaininy' it ; lor wiietlier tile n.-O'd to 

coni])!ete thecirrnii loin'lied die liiseJ jlnoride oniy, o*.- we.s it! 
c<)nla{:t \Nitli lln' ])lalina on whu h it ua.-' sii;)|;or!. il. r-eie i’ole 
dill'rrt'iKH* in tin' eiirrent was oh.s(‘t*v«‘.L Dnrini; all the- 
lh('r(‘ was scaia e’y a trace oi' *!rt ornposina; at'lion on the 
tlnoride, and vJri: did o<'eur scaMinnl nd'eiatdeln tin* air and 
noisluit* (d’ llie atniospnerco ami not to eiert !‘o!\ |ii' action. 

i.'lJj. I IniM' now MTV liitle ilnnhl thai perifaiide- of jner- 
c5*rv (-M l. -i is. i"- a (*a~e of tee .-rUne l^ind, an;l also 

(an'rosive .-id>liinate i ai:i al^•) inclin»*d lo liiink, sim e 

inakiiiLi the aho\e ('Mpi'i’inn ui tha- 1 ^e ^nnoniaio’ js ai-ri'<n of 
tlic protoxide of aiiliinonVj ha;inerly o(>ser\er. a.ud d('*''rihed 
(h'jM. StU.), nie.N he rt'anred in j).)!'! to the .Kann* caitsr. 

l.'Mlk 1 i(av<‘ no inte/iiion ;,i pne**. fn of coin;:’ into the par- 
licidar relation (»f heal and tdeidrieli m h.n \.e ;:.ay Ina'e- 

after to diseiArr hv e\j)erine‘nt the i^*\^ uhieli ])i'4»l>a!)l\' ic»!d- 
toL>etli(.*r all the al)r»\e i’ller*,.-. with those of the t ralu'lunf and 
tin.' flisiijip tarnn^'i' of heal Ijv tlte riti rent, and t he striidnii” and 
iKXiutilni le.-'iills ol t.!ienno-eie*ara-it V. in oii'* (‘oinman bond. 

• ® \ hi. V'Ji't'l rr>(tjf ii! DfSt iKtr'/r . 

Id ill. ! inve .already <\pres'*:ed in a loianer paoin* (ilol.) 
tin' Niew hy which I hope lo a^-fociah* (naliiiarv iseiin iitni ainl 
ehaq, roly/at ion. I iider tii.it \i<'wx tin* thscliarLo.' of (‘ha- 
trie. IVn ces hy elect ro!\ /at ion is rather ati edrecl superadded. 
in a (‘(‘rrain cla.'.-; of bodies, to those' already described as eon- 
stitutir.'^ iudnrtion and iiisnlatieni, than one Indepenidc'nt of, 
and (li'^tittel from, the.-e piienoinena. 

1314. Lh‘ctr(jlyt(‘s, as ve’speets lh('ir insnlatiiiii; and eon- 
dnetin*;' forees, belong to Uu' 'j-eiu'ral cati'^onN (»f hodit's 
(1320. and if iriey are in llu' solid stale' (as nearly all 

can assinuc ibal state), llu'V retain their ])la(a', pri'st'ntino 
tinni no new jjiicnoinenon (420, tSce.) ; or if oin' oecur heiiin; 
in so siiiall a proportion a.s to he ahno.-d. uniniportaiif. W’lnni 
lintit'licd, they akso belong!' to the sante list, whilst tJu* rdectrie 
i!)t(‘.nsity is below a certain de^nxM; ; but at a .<»iv(*n inlensilv 
(!M0dM 2. l()()7. ;jfixc’d for ea(4^ and very l(>w in all known ea.ses, 
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l!iey fday a lu'w part., rausin!/ cliscbarir*; in proportion 
to tlii‘ (U‘voU)p(inunit «)l‘i!<n*tain chnnu al ollVcw of couibiiiaiiou 
and d(‘ooinpn‘dtio!i ; and at tins point, ino\o out iVoin tin* 
tlio ^(Mu ral ( lass of insu]atn!*> and conductors, to form a dl 
tini-t oiHi by t lu*rn.-.cl\ ('s. "l'h(» former pbenornena li i\ e 

considert'd i ! ;F20. ) : it is tlj(‘ lattm* wliic h have nrnv To 

b(‘ revised, and used as a l(-‘St of tin.' ])ro]>os'‘d iheor\ ol 

induction. 

Id to. d'h<‘ liicory assnincs, tba.t the parti*-les of the tlieU*. 
li ie ( noAv an ele(*rr(»Jyt(') are in ti»e lir.-t instance i>rouLd}r, 1)\ 
ordinary induetiv(.' a*'tioii. into a p(*lari/a'd .stat('. and rai-'^ed To 
a em'faiu d(‘L‘;reO of tension or inren-^i{y f)etbrt* di-eliar;»e coin- 
inene(‘s ; lia- iudueri\t* .<tat(' bei!»^r\ iti fact, a mcesMar!/ 
to disfniary<'. I>y laLiiiL?’ adv ant;:ue fd' tfios(' cir- 
cnnislaTict's wliieh b(,‘ar upoj) tlui pr>in!. ii i.- i!i.)t diilicult t(> 
im rease the tensitni indicati\t* of tfiis .'^tato of iudiK'rioii. and 
so luaft' tile stair- il^elf more* c\ idoot . dl-tiiied 

waier he employ* (hand a lone na!'rf»\( jjortioii o| ir ]»l.-i('ed 
iTet\\een tiu‘ cIcc: r^d- *d a j>o\v(‘rfo.j \oh;he l.>arTer\, wa* liavc 
at oin (• iiidieiifions oi the iTn>'nsit^ wieeh *ain he >iistain«.'d at 
thes(' cleetrom s l>y the inducliv*' throu rl* ilu', wautu* as 

a div*Iv‘et ri< a hn* sj >,•, rk < *!na\ he ol‘1ahtc*h ^’(‘kl Icmncs div(’rL’'ed, 
and ! /“v’dtMi htiities ( haru*'d at iheir v.ires. ')’h<‘ waitU' is in 
the coT*diT ion ( »f tin.* sp*'*’ma(aui ( i;i2d,u a i>ad conductor 

and a. had iusidan.n* ; luit wlnU it d»»es insulni*.* is by virtue of 
iuduciiM* action, aud tliat indindiou I.-. tin* pv(‘para'/iou f iv. and 
pr('cur.'<or of, di.'-cha rua* ( 

Idtdo d'iie In luetion and tension wbieb a’p]>'air at tin* limit.- 
ef tin' ]>(.', rtion oi vati'r in tin* dire* th>n *>1 tin* cuvretn, a*'o only 
tin* .'.urn-' of th*' iudueti(ju and t*'n-iou o{ th.* <‘onri„: mni- pai- 
lieii*.-^ lH‘ine(*n tliose iuui?- : atul liu' liinlratiou of ih * inducliv** 
t(*mion. r»’ a *a'ri:iin dt'erec* siev. - > iinn* ('nterii’y in *‘arii ease 
:e. a.n iuroortant (‘h'm.un of tee r**suh th*at \NiU-a lUo 'par- 
ti('i**s lui\e aiHiuiia'd a. ecrt.iin ro!aii\e st;ue, <//’.st/h-.'rp'c, {'r a 
ii'a.isfer of forees <a|uivalcut to ordinary ( onduet i- ni. lahi.*' 
p!n*'e. 

Idl7. In the iiulueri\ v' i'ondiiion a-sumod bv \\ arcr beu)r..* 
dl.'^eharij:** lannes on, ilu* paviicles p-olari/a'd Tire tin' ]KUtirli"- 
of tin' fritter- that beimi- tin* dii'4eelvie u-ed : but tin* disa Inuy e 
between ])artiel(* and particle is not, a.- htdore, a movt' iuier- 
elianyu* of ibeir power.s or forees at the pohir part-. Ion :\n 
iu'tual separalitm of them into their two I'levnvMUarv pajai* I**-, 
the oxNgen t va\ (;liuiu’ in oi.e direetion, and * an \ my o.'i il 
its aniomir oftlie foret* it had actpiired during the p.aari eiion. 
and th<* h>drop:('n doii;^ the sann* thin-.: in tin* o.dser (hreeiion. 
until they <'aeli m(v;l the next aptn'oachiny t^n’i Ir, witn b 

/ 
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in tho f5anu> eloi-trical state with tliat tlu’v have left, ami hy 
association of their forces with it, produce what constitutes 
discharge. This ])art of the actioti may l>c rcgar<le<l as a 
carrying one (1310.), performed hy the constituent parti- 
cles of the dielectric. 'I'he latter is always a compound 
body (t)ti4. 823.) ; and by tliose who have considered tin; 
subjeet. and are actpiainted with the j>hi!osophieal view of 
transfer whiclt was first put forth l>y (Irotlhms, ' its particles 
may easily be <-ompared to a series of m(*tallle eonductors un- 
der inductive action, which, ^\hilst iu that .'■tale, are di\isible 
into tbese oh'meutary movable halves. 

1348. Dhjctrolytic discharge depcmls, of nece.s^ity, upon 
the non-eonductiou of tin* dielectric as a whole, and there are 
two steps or acts in the proce.ss : first a polari/atioii of thi^ 
moleeule.s <d’ the suhstanee, ;uid then a lowering of the forees 
hv the separation, advance in^ opposite directions, and recom- 
bination of the elemeut.s of llie mtdeeides, they being, as it 
wer(‘, the halves of the originally polarized eotidnetors or 
particles. 

1341). These views of the decfnnposition of electrolytes and 
the conse<iuent elba t of discharge, which, as to the particular 
case, are the same with those of Grot tlnt-ss (481.) and Daw 
■(482.), though they diflev from those of Biot (487.) De la 
Hive (41)0.), and others, seem to me to he fully in aeeordam e 
not merely with the theory 1 have given of itidm iiun generally 
(1 Idb.), l)ut with all the known /dc/.v of eoimnon induelion, 
conduction, ami electrolytic disehurgo ; ami in that respect 
hel]) t«j confirm, in my mind, the truth of the theory set, forth, 
'['he new mode of disiharge which electrolyzation [)rosent.N 
mu.st surely be an evidence of the aclivn oj'coiilif/uuii.s par- 
licfes ; ami as this a[)pear.s to (h^jciid directly upon a pr«‘vioii-. 
inductive state, which is the saimi with eoirtniou iifdueliou, ii 
greatly strengthens tliu argument which refeis imluetiou in all 
cases to an action of contiguous ptirticles akso (12!).'>, ite.). 

1350. As an illustration of tlie enuditiou of the jiolarized 
particles in a dielectric under iiiduction, I may rlescribe an 
experiment. But into a glass vessel some «4ear reetifieil oil 
r)f turpentine, and introduce two wire.s passing ihrotigh glass 
tubes where they arc at tho Surface of the fluid, and teruii- 
jiatirig either in balls or points. Gut some very clean dry 
white silk info stnall particles, and put these jilso into tiio li- 
tpiid; then electritv one of flie wires by an ortlinarv' machimi 
and discharge hy the other, 'rhe silk will imrue<U;itcly gathet 
from all parts f)f the lirpiid, ami form a hand of particle' 

^ !\* iii. J.Mii, ’y. 
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roacliing from wire to wire, and if toiu licd ))y a rod will 

shew consi<l(!ra})l(5 tenacity; yet the iiioment tiie supply of 
eh»ctricity ceases, the hand will fall away and (lisap[}caV hy 
the dis[)ersion of its parts. I’he coufluctlo/i hy the silk is 
in this eas«5 very small ; and after the best exurniiiatioii I 
('ould ^rive to the (dieets, tlu* imprtission on iny mind is, that 
th(^ adiu^sion of the whole is due to the polarity winch each 
lilauKUit acquirers, exactlv as the parthdes of iron betwc'cn the 
polc^j of a Ijorse-shoe mairuet arc held together in one inas- bj 
a similar disposition of forces, dlu; particles of >ilk theredbre 
represent to me tile ('ondition of the molecules of llie dielec- 
tric! itself, wliicdi 1 assume to be jKiiar, jnsl: as that of the silk 
is. lu all {*ases of ef>iHiuctiv*} discharge* tlie contiguous polar- 
i/cd ]»articlcs ol tlu! body are able to eth*ct a neutralization 
of their forc^es with greatc*r or lc‘ss facility, as the. silk does 
also in a very slight degree. Knrther \\c. an* not able to 
carr\ tlu* paralh*!, except in imneination ; but If uec^onld 
divide each particle of silk into two halves, and let eac h iialf 
travel until it nud.-uuJ, unlicd with the next lialf in an op]jo.dte 
state, it won]*! then c^xert it% carrying ])Owt*r (1:D7.)? so 
far represent elect roly tic discharge*. 

Idol, Admit tins*' lllat el»*ctrolytic discdiargc* is a eonse- 
(juence of previous induction, thou how evidently do its 
uinnorous cases point . *10 indiudion in curved lines (l‘2lb.), 
and to the divcM-gcnce or lateral aedion of the lines of induc- 
tive* force (I2dl.). and so strengthen that part of tin? gcnioral 
argument in the formt*r pnpc'r ! If two bails of platina, form- 
ing the (dc'ctrodc's of a voltaic liattery, are put into a large 
vessel of dilute sulphuric acid, the whole of the surlacos are 
covered with the respective gases^in beautifully regulated pro- 
]joi tions, and the mind lias no diJliculty in coiicc'iving tin* di- 
rection o^'ihe curved liiu*s oT discharge*, and even the intt'nsit\ 
of force of tlu*^diirerent lines by the quantity of gas evoUed 
upon the ditfcn'iit ]>arts of tlie surface. Hence the general 
eJfeids of dilfusion ; the appearance of tlu* anions or catliimis 
round the edges on the furtlu*r side of the electrodes when in 
the form of jdatevs ; tlu* manner in whicli the curri*nt or dis- 
charge will follow' all the forms of electrolyte, however t'on- 
torU'd. Hence tlie eHeels which Nobili has so well c\amiiH‘d 
and described '' in his juipers on the distribution of ('urn iu- 
in condiu*rnig masses* Ail thesi*. etVecis indicate the direction 
of the currents or <lischarges which occur in and through 
tile dielectrics, and thes<* arc in every cas«.* priCtdrd h\ 
ecpuvalent inductive actions of tlu* (ontiguon- j>artic(e''- 

* na»lioth.:*nu' t 'jinr i -.vllr, fS.lV. Iiv. yf.:;. t 0» 
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1352. Ilonee also the advantago, when the exc iting forces 
are weak or require assistance, of enlarging the mass of the 
electrolyte ; of increasing tlu; si/.(^ ol the cdi’ctrodes ; ol 
making the coppers surround tin? /.ines : all is in harmony 
with the view of induction which lam (m(h*avoring to examine ; 
1 do not perceive as yet one facd against it. 

1353. 'J'liorc are many points of t iecfrah/Hc rliscluir(j(' which 
ultimately will require to he very closely ccmsidercd, though 
I can but slightly touch upon them. It is not tliat, as tar as 
I have investigated them, they present any contradicli<m to 
the vi(n> taken (lor Iha^e carefully, though misu(a'css!ull\ , 
sought for such case.'-), but simjdy wani of time as yet to 
pursue the iiujuiry, n hich prc\tmis me from (mtei ing Uj)»)ii 
them here. 

135 1. OiK' })oiur is, that dillereiit cloctrolytt's or dielectric!^ 
r(’({uire dillerent initial intensities for their deconqjosition 
(912). '^riiis mav de]>ond iqion the d(‘gr(*(! of polarization 
whicli the particles require before ckutrolytic discharge 
c'omirtences. It is in direct relation to the cliemical allinity 
of the siii)sian<:*c\s concc'rncd : and will ))roh:d)ly he lound to 
have a re lation or analogy to llu' sja'cilic! imluctivi^ caiiaeity 
(»f dillerent hodi(‘s (1252. 12iH{.). It llius promises to assist 
in (‘aiisinc’ the great trutlis of those' (‘Xt(‘nsiv(» s(‘i(Mu*es, which 
are oceaqfu'd in consi<lc*ring the forex's of the' ])articles of 
matter, to fall into much close'!* order and arrange.'numt than 
they have heretofore presenti'd. 

1355. Anothc'v point is, the hicilitation of (‘lecirolytlc 
conducting ])Ower or discharge by tin* adelitioii of snl)sla!ic.t's 
to the eUeieclric! eirqiloyed. I’his eIVcc't is strikingly slu^wn 
when 3 water is thci body whpse qualitie^s are ir!ipro\ed, but, as 
yet, no ge'ne’ral law gove'rning* all th<^ plnmonnma has bee*u de- 
tected. Thus some acids, as the sulphuric, ])ho.sphortC 5 oxaiic, 
ami nitric, increase the ]>o\ver of water enorn!ously ; whilst 
others, as the tartaric and (‘itric* acids, give! but little powcT ; 
and otlnu's, again, as the ace^tic aiid horacic ae'ids, <lo i^)t 
produce a change? scnsiljle to the* ye»ltameU*r (739.), Atintionia 
produces no effect, but its carbonate does. Tim caustic 
alkalies and their carbonates jtroduce a fair elfect. Sulphate 
of soda, nitre (753, ), and many soluble salts produce much 
effect. Percyanidc of mercury and c'orrosivc.^ sublimate pro- 
duce no elfect ; nor does ioditic?, gum, or siigar, tlie lost being 
a voltameter. In many casc?s the added substance is <acted 
on either direct ly or iiidirc?cily, and tlten the? pheno!uena are 
more complicated ; such substances are muriatic;, acid (75S.), 
th(3 soluble protoclilorides, (7()b-), and iodides (7(>9.), nitric 
acid (752.;, &c. In olh(?r cases the substam o added is not. 
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when ahnie, .suhjcu l to, or, a coiuluc lor ni the powers of tlie 
voUaie. batt(*ry, and yet both ^ives ;in(l rera ives jxoNej- mIicu 
assoi'iated with \vat(M*. AI. de la liivo lias po'niital tliis result 
out in sulphurous afad,"^ iodine? and brornin(‘t ; iIk* (ddoride ol 
arsenic produces lli*e same eiVect. A far more} sirikiuuf cas<s 
laovever, is presenied by that ve^ry iuilueiiti;?! bod,y Uiplnuac 
acid and jirohabiy phosphoric acid, also is in riie sanm 

pet-.nliar ndation. 

It would se(?ni in tln^ <';i>cs of those bodies which 
.-uUhr no ehaiiLic th(‘nisel\ a> '^uhpimrif* acid (and perhaps 
in all), tliat llnyv ail’ect water in il> caiiiduct ioy; powi r onlv a^ 
an elect rcd'. ti' ; for wlnnlnn* little .-r insu h impaoved, the decoin- 
pO’hition \^; [n*oportionni(? to tla^ (ju.mtity of elcetrii. itv ]>as-in:' 
(7'd7. and liic transfer is tlHo-eibi’c rhie to <dc*ctroiN iic 

tl-i.-clniiyc. ddiis is in accoidanc<‘ with tin* fact alreadv .-tatf‘d 
as regards v.al.:‘r (OS-D’-that tlie cftudnctiny jjr>wci* is not 
inipro\c(i foi’ clectri' ily of force ladow tin* «‘!e?.t rolytir inti?n- 
:\\y <»f (In.' suhstauc'(‘ aetiny as the iradectri * : lni{ hotli facts 
\';nid .'^onie others)^ a«;c? ayaiu-t the opinion wlii<*]» 1 l‘urnierlv 
Lia\<>, dial thv* [lows'r <»l .-al^>s, nnirlit depend upmi liieir 

a^-uinplion of the liMUul sla.te hy -olijti(»n in tlie water 
{'inployed ( 410,). It bcenrs to me (hat the cih'{'f may pcrliajis 
be relatCMl to, and liave its ex})lanatit)n in dillhrfUi i.'s of speeitR 
iiidiicri\ r caj»a<‘it ies. .. 

Ido/. I lia\e (K'>rril)(>il in tin.' hot pa]»cia ca^es, wlierc 
.'-liell-lae was laMuleri'd a <a)ndiu*ior l)\ ahsoiption for ainnioniit 
'rile same (dh.H't happmis with iniirialic acid ; vet 
both these substances, when ‘.’•aseoiis, are non -conductors : ami 
ilie annmniia, also when in slroui^ solution ^7l^.J. Mr. 
Harris has mentioned insianc(.*>i in wliit h tlu' condnctini:. 
jiiiwer id’ metals is soriour-ly ahenal 1>\ a very liule allv>\. 
‘I’lieM* ne^\ have no relatim) to thi' former eases, hut never 
theless should nut he overlooked in tin? gi'iu'ral invest iufal ion 
whii h the. wliole (pu'siiou requires. 

Nothini; is perhaps more slrikiui:! in tliat ela.ss of 
dielectrii-s which we call ele<*troly!es, than llie i'\traordinar\ 
ami almost ( ompliMe suspension of tluur peeuliar mmie of 
ell’eetinu discharge whmi lliey an‘ rendered .soiid ydSO, \e.). 
even thonj’h the intensity of* the indiietion aetin^ tlna>ueh 
them maybe increased a hinuhvil fold or more(llli.). it 
not oidv 4»stahli.shes a vi*ry general relation between the 
!*’•> hical properties of thesi? bmlies and elcetricity actiny h\ 

* i^iiartrrlv Jiuinial, xxvii. lilT. or Bihliotlionui* I II« . \« Kt lup 

sav-^ snl]iluin>ii.s ufiil is a\crv hoimI (^nartnlv .KmoimI. is.jq p. GCJ. 

t ^^icntcrly Journal, \xi\- Iti.'i, or Auiialcs ilo Chimic, \\\'- n»I- 
f l*lhloso|>iiic:il 'rransactioTis, |S!>7, p *2*2. 
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imluctiou through them, hut draws both their physical aiul 
c*hemical relations so near together, as to make us hope we 
shall shortly arrive at the full comprelieiisiou of the influenc e 
they mutually possess over eacdi other. 

% ix DiSruplive diacharye and in.sulation. 

1359. The next form of discharge has been distiuguisliod 
by the adjective <//^v/’wy;//i;c(l319.),as itin every case displaces 
more or less the j)arlicles amongst and across which it siuldenly 
breaks. 1 include under it, discharge in the form of sparks, 
brushes and glow (1405.), but excdudi* llie cases of currents 
of air, fluids &c, which, though IVccjnently accompanying the 
former, are essentially distinct in their nature. 

1300. The conditions requisite for the i>r()duction of an elc<*- 
tric spark in its simplest form are well known. An insulating 
dielectric must be interposed t)etwecn two conducting surfaces 
ill opposite states of electricity, and then if the actions b(‘ 
continually increased in strength, of olherwise favored, 
either by exalting the electric s/ate of the two conductors, or 
bringing them nearer to c'ach other, or diminishing the density 
of the dielectric, a spark at last appears, and the two forces 
are for the time^ annilulate<l, for discharge has occurred. 

1391. The eoiidiu'tors (which may he (tonsiilered as tlie 
termini of the inductive action) are in ordinary cases most 
generally metals, whilst the dielectric's usually employed are 
common air and glass. In my view of induction, however, 
every dialectrie becomes of iiiipoitanc.c?, for as the results are 
considfered essentially dependent on these bc^dies, it was to be 
expected that difference's of action, nevcjr before suspec ted, 
would be evident upon close examination, and so at once give 
fresh conlirnialion of the theory/ and opcm new doprs oi dis- 
covery into the extensive and varied fields of our science, 
'^rhis hope was especially entertained with res|ft^ct to tlie gases, 
because of their high degree of insulation, their uniformity in 
physical condition, and great dittcreiice in chemical propertU\s. 

1362. All the effects prior to the discharge are inductive ; 
and the degree of tension which it is necessary to attain before 
the spark passes is, therefore^ in the (^xamination I am now 
making of the new view of induction, a very important point. 
It is the limit of the influence which the dielectric, exerts in 
resisting distiharge ; it is a measure, consequently, of the con- 
servative powder of the dielectric, which in its turn may be 
considered as becoming a measure, and therefore a representa- 
tive of the intensity of the electric forces in activity. 

1363. Many philosophers have examined the circumstances 
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of this limiting notion in air^ Imt, as far as I 1 now, ^noiio l^ivo 
oomonoar iMr. Harris as to tlu! aoonraoy with, and thoextoiir. 
to, wlnoh ho lias oarriod nn his iiivosfigatit)ns.^ Some of his 
results I must very briefly notioo, premising lliat tlu'y are all 
obtained with the use of air as the dkhctric bet\ve< n llu; <Mm 
(laoling surfaces. 

F5(id. First as. to llio dislaifni between tlic two halls n-ed, 

or in otluM’ words, th.e thichness of the dieh^etrie across whi' li 
tlie induction wa.s sustained. 'I'Ik* (juantity of elect ririi\ , 
nu'asuia'd by a uiiit jar or otlnn'wise on tin* s.une priucl[)I(‘ >\ith 
the unit jar, in the charged or inductive bali, necessary to 
produce spark discliare’c, wa-^ found to vary exactly with th-^ 
distance In'tween llie halls, or biUween the di-ch.rrging ]>oinrs, 
and that under very varied an«i t^xact forms i*i‘ cxncnment.t 

l.‘><ir). d'hen with r<‘s]>ect to variation in the prf.s.iurc or 
^/cz/.s/Z/y of lh«i alv. 'l ii(' <|uantifi<'s of ehu'lricity re^{uircd fo 
produ^'C discliaige across a inier\al ^aried exaciis' 

with variatitms of tile d(msiiv: the (^uaulity of elec tric-ity and 
dmisitv of the air bein^.r In the sanu' simph* liiiio. Or, if fne 
quantiiv was rf‘taini*d t'ne ^a*ne, viiiKf tht^ intmaal and the 
dmisih' of the air W(M*e varied, then ihcse wme foir.id in tin* 
inv(‘rse simple ratio of vaeh other, the .sanie j|nanrity pas/mg 
;K*ro.“S tuie(‘ t!u* distama' with air rareiicd to mie Imif.i: 

It must !)(' rcuiemi)ereil that. the*>^(' eilvets take place 
witliout anv variation of the inductive force by condeusallou 
or rarefaclifm of tiu' air. 'riiat force* remains the same in 
air, > 5 , ami in all ga>es (1264. I2d2b whatever their raiad'ac- 
tion may hi*. 

Idd7. X’ariation of tlie (i mperat nr*' oi the air pvmliieed no 
variation of the (pianlity of (‘let tricity required to caust* 
discharge ac ross a. given interval, j * 

Such aiv the g(*nera.l rcndf>, nhieh I have oecae'ion for aJ 
prc'sent, ohtaiiu'd by Mr, Harris, ami the\ apjiear to mo to ho 
unoxet»ptional)le. 

IjlOS. In the theory of indnetion hnmded upon a inoleimlar 
aet'ion of the dielectric, ne liavi* to look at. the state of tiiat 
body priuei])allv for the cause and determination of tiie e.hovc 
etVects. Whilst the imhudion continue^, it is assumed rlnu 
tlie jiartieles of the dielectric aiv in a certain polaii/anl >.lare, 
the tension of this state ri'ang higlun- in each partii'le. as tin' 
induction is raised to a higher degree, either by aj)j roxima- 
tiou of the inducing surfaces, vavialious of fornn increase or 

’* Pliilosopliical Transaclioiis, 1631, p. f Iiaj. I 11’ 3 p Jea. 

§ Ibid. pp. 2 . 37 . 214. . {| Ibid. p. 2;5U. 

Voi,. V.-.-X 0 , 2(5, /lurjusl, 1840. 
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the ori{;ii}al force, or otlior nieani^ ; until at last, the tension 
of the partielc.s having readied tlie utmost degree whieli they 
rail sutitaiii without subversion of the whole arrangoineiil, 
diseliargc immediately after takes phit'e. 

13d!). Tile theory does not assume, how<'vi*r, dial all (he 
jiartielos of the dielectric subject to the iiuhu tive acticm are 
alrccted to the same ainounl, or aeijuiro the leitsion. 

What has been called the lateral action of tlu' Hoes of iiidui - 
tive force ( 1231 . 12!J7.)5 ii»*d tlic diverging and occasionaliy 
euvved iorin of these lines is against sm'h a nolani. 'Fin* 
idea is, (hat any section taken ihrougli th(' ditlcciric acro.-.s 
the lines of inductive force, and inchuHng all <}f ihcttK VMUiid 
be (‘:jual, in the sum of the forces, to the sum of tlii' fovec-i 
in anv other section ; and that, tlieri'fore, the vlitde aimn.un 
tif tension for inndi siicli sccliiui wonhi h(' the sanu‘. 

1370 . Discharge probably occurs, not when all Ihc' par- 
ticles liave attained to a certain degna* of tcn^iioii, Init wiien 
that jiarlicle \d)icii is must allected lias been exaJ.ted to the 
subverting or turning point (14 lb.). (Mir thungli all tlie 
], articles in the Inio of imluction re.^lst charge*, and an? as o- 
C'iated in tliei’* actions so as to give a >iim of resisting' for<!(g 
vet wlicn any oiu* is brought U)) to tlb? ovm'lnruing point, o// 
mu.^t give way in the case of a spark bi'twiam liall and ball. 
The lircakiiig do\\n of (bat one must of uei'(\'>ily ( auM.' tlu? 
whole barrier to be overlurucd, for it, was at its utmo.^t dc'gree 
of resistance vdien it jios^oscd the aidinu ]) 0 wcr of that one 
particle, in addition to tlu? [lower of the n‘st, and tlu; |u)\ver 
of that <.»ne is now lost. Hence IvnsiaH or utlcnsif t/ ' may, 
accorcHng to die theory, be considered as represmited by llu? 
particular condition ('f tlie particles, or tlu' amount iu tliem of 
forced variation from tbeir normal slate (12!)S. I3(!S.) 

1371. Fhe ulujle ell’cct produced by a chargHuk comhictor 
on a distant condnet.oi*, insulated or not, is by rny theory as- 
sumed to lu; due to an a(*tion propagated from particle to 
particle of th.e lulervenlng and insulating <lieleet.ric, tlu? ji u'ti- 
cles being cdihuU red as thrown for the time b('/mg into a forced 
condition, from which they endeavor to return to their normal 
or natural state. The thcfiry, tlierid’ore, seems to siijiply an 
oa.sy ( Njdauation (;i’lho inlUuhice of disfance in atrecting in- 
duetion ( 13<)3, I3f!4.). As the distam*o is diminislu li iiulue- 
lion increases; for there are then fewer [>avtieles in the line of 
inductive force to oppose their resistance to the assumption of 
the forced or polarized state, and ?rice versa. Again, as the 


•.See IFarris on propo^cil particular ineainng of these terms, Philosophical 
'1'ranM.ielioiis, 18^4, p. 'Z'Z'Z. 
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di^^rancc <liiniiiislu3s, disoliargo across liappons \vi4h a lower 
(*liari 2 :<' ofcdortriciiy; iV>r if, as hi Harris’s oxporiinonts (I3fj4.), 
the iurorval he (iirniiiislaM.1 to one half, then half the electricity 
rc(|nired to (lischiir^jc across the first interval is snllicieiit to 

across tl»e second; nnd it i.s evident, also, tiuit at that 
tiine there are only h.alf the innnher of interposed inohjeul<‘s 
nnitinu^ tlieir forces to resist the discharn-p. 

The (‘fleet of ('iiIarLdnf» the condnetin;^ surfaces wliich 
;ir<' opposed to eacli other in tin; act of iiidnction, is, if the 
c!(‘cti’icily he liiniti'd in its sn])j)ly, to lower the intensity of 
action ; and this ihilows a•^ a very natural con'>eqnev,:.:e frtnn 
tiie mcns'i.^ed of tin^ diclc'ctrlc acro'-s w hicli the iiidiiction 

is (‘Jl'i’ctcd. I-'oj- hy diflasin^* tlie indurtiv (3 actr)n, wha ii at 
(ir.a. \‘*a- ('\e]-(i‘(! thrfc.inh one s(>uare inrh of sectional area of 
tl die!c<‘! i’n*, o\('r two or three ;are indies of siieli ari'a, 
twice or thre.* times t!ie nuoiij.y of )nf)!eciiies C’f 1 he diclecti ic 
ar(' !»ron;.‘!il into a p? ,Iarized ('ondilit)! ’ ’ ‘ in sus- 

t.eej'.ivj' the in(lncli\e eceinnj. and coii.- nnentlv tin* t(‘n<lon he- 
lon-jiny tcj the^ -mallei nunihv'r on which tiee linfited for< v' wa< 
oi! .'ie.;diy a('cnniu!at (‘<h niu.-f fall in a proiunaion itc d(\:^ree. 

FTihh !• or the .-.nge rca'^on djiniin^hitje* these oppc'^iiitr 
su.-i;:ces liiiist iino'cas** tin' int(*nsity up to the condirion ('veii 
ofthc'ir hec'onhne; j^oinls. Hut in thi^ ease, tiie tendon of the 
])aiiicles of the dieieetTic lu'xt lhe])()inis is hieiier than that of 
]»;n tit*les midw ay, he'-eM^i* of the lateral action and eonsequeni 
l)nleinay it \ver(‘, of the lines of indiicfiVi' heree at the mid- 
dle distance' { I ). 

1.‘574. d lu* more exalted effects of induction on a. ijoinl //, 
vv any small surfac*e, ;i-i tlie rounded end id* a rod. opposed to 
a larjie snrfae(», as tiial of a hall (y plate, tliaii when it is op- 
posed to another point or mul at tlee ^ame distaiiee, falls into 
harmoniiftrs relation l\'.r in the latter case, the small 

surface* j) is (dlji'ctcd only l>y lliose })arti('l('s which are hroueii^ 
into the incinctixe condition hy (he ei|n;\!ly sm:ill surface (U* tlie 
o^^n^sod ciMulucior, whereas when that is a hall or plate the 
lines of indiudive force from tin* latter are conet'utrated, a* it 
were, upim tin' cuul p. Xow llionah the moh'cules of the di- 
el(7(*trie a*iainst the largo surface* may hase a nmtdi lowm* sta'o* 
of tension than those against flic similar smaller surface, xot 
tlu;y are also far more numerous, and, as the lines of induefixe 
force converges towards a point, are able to connuunicare to 
Ihe particles contained in any cross section ( ld(>!h) nearer tiie 
small surface an amount of leusiou xM]ual to their own. and 
coiisecjuoutly nuich liigher for each individual pariii’h’: m> that, 
at the surface of the. smaller coiiducdor, the rmision ol a parti- 
cle rises muci], and if that (anuhiclor wane to it'rminate in a 



100 


l.)i\ Fririulay'y Jlt\searc/u'S in Kleclricity. 

point, the tension would rise to an infinite degree, except that 
it is limiled, as before (i:i(>8.), by discharge. ^I'he nature of 
the discharge from small surfaces iuid points under induction 
will be resumed her^'after &c ). 

IdTT). Bare fad ion of the air does in)t alter tlie infensily of 
inductive a^dion (l!i'S4. 1287.); nor is there any reason, as far 
as 1 can perceive, \\hv il shonlil. It tlu- tjnamlty of t‘h^.*tri<'ity 
and the distance' remain the same, and tlio air be rarefied one? 
half, then, though erne ludf of the ]>arti<*l('s of the dielectric are 
ri'inovoil, tlu' other half as:^unn' a donhh' degree of tension in 
thc'ir polarity, and tln'reforo tin' iiiductive forces are balanced, 
;ni(l the rcMdt rcinains unalt(‘red as loiig as the IikIik I inn and 
in-’ulalion are >u>lained. jlut tlie case of /'//A77////v/e is very 
diifVn'iU : for as tln'rc' ai'c only Indf tin? mnnher of dielecirir 
j^arriclt's in the rarefied aimcisphert', so thest* are brought np 
to liie disciiarging- intensity hv half tlie former cjuanlily of 
clei tricity ; discharge, tlnnadore. c'nsues, and sucii a c'onsc'- 
(uu'uee of |1 j(» tlieory is in pc'rfecl aecordame witii Mr. liar- 
I’is's results (131)0.), 

I37(>. riie incyvffsf. of eh'Ctrleity r(M[uir('d in caiisi* di.-- 
c'liargc* over tlu' same dislan<*e, when tlie pv('s;>nre of tin' aii‘ 
or its den.sity is incrc^ased, Hows in a similar mamu'r, and on 
the same princij)!<', fmtn tin? molecular thcnr\. 

1377. Mere I think my vii*w of ij)dul"lion has a cU'eich'd ad* 

\antag(.' over otheis, espcc-ially over tliat v\hich refers the re- 
tention of elecJricily on the surface (»f ei)ndiU‘lors in air to the 
'pr^.ssnrr of t/n af nfosplicrc, 'I'lu' lattf'r. is the vic'w wliich, 
being adopted by Poisson and liiot,' is also, 1 bc'lieve, that 
generafly rcfcchvc'd ; and il ndales two such dissimilar tilings, 
as the pondc'rons air ;uid the* subtil and even hypothetic al lluid 
or fluids of cl<*ctricity, l)y gros.s me<*hanicai rekilions; by tlie 
bonds of mere static* pressure. theorv, on the ^•ontrar\ , 

sets end at oiK'O by c-onnc'cting tin* electiic fyrta's with the 
particles ol* mailer ; it derives all its proofs, and evim its origin 
ill thc' iirst instance, from ('xperiment ; and tln'ii, without, any 
further assnmjition, seems to ofler at once a full t.'Xplauation 
of tliesc and many othm* siiigalar, peculiar, and, 1 think, hero- 
toJore unrelated (‘fleets. 

1378. All important assisting experimental argument may 
lierc be adduced, derived from the diH\‘ren(*e of specific in- 
ductive ca[)acily of dilb'rent dielectrics (121)9. 1271. 1278 ). 
Consider an insulated sj)herc! electrified positively and placed 
in the centre of another and larger sphere uniusitlatcnl, a uni- 
form dielectric, as air, intervening. Hie case is really that 

* Kr>#*v. BritaiJii. .S»u»]»I(. incut, \ol. iv. Articir KJtxtiicity, pji ?<». 81, &c. 
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of rny apparatus (1 1^7.), and also, in tliat'of any hall 

eloctriliod in a room and removed to some distance from irn> 
j.!u]arly formed condiicturs. Whilst thinj^s nmiaiu in this state 
the electricity is distributed (so to s]>eak) uniturndv over the 
surface of the ele('tritied splu re. lUit introduce sieh a di- 
electric as sulphur or lac, into the space? between the two 
couduetors oti om^ >id(' only, nr r>])pn^it«* one part ef iIk' inin'r 

sph(M 0, and immediately the eleetriclty on the latter is ditVnsed 
nneiinally li^Oi).), althonjji the fr)rm of the cou- 

diictin”’ surfaces, t!u‘ir distaucu‘s, and the prt'.ssure of tl)e at- 
mosphere remain perfectly unchatte-cd. 

I.‘;i7ib busliiieri look a diHercnit view from tliat of lb.)isson, 
Jiiot, and otlnws, of the reason why rarefaction of air caus(.‘d 
ea>v dili'iisioti of ('lectricity. lb* con.-idewi'd the ellecl as dm? 
to llie remo\al of the uhsfat lr uliieh lln' ;iir j)res«'nt(ai to the 
expansion of the from uhich the electricity 

p.is- 'd.' Uni platina I);!!!-; diew tln^ phenomena in vacuo as 
U(‘H as \olarili‘ metals and other siih^ramavs : l)i‘.nides whirdi, 
when t!ie raridacVion i" \<m-\ cmt-iderahle, the elect riciry 
pas^i’s with scareeiy ativ resc'lauce. am! the prodnetifm of no 
sensible heat ; (itat/l think iMirinierrs view of the tnattei 

likely to uaiu Inxl fe\\ a'^seut.^. 

IhSI). 1 h wr no need to vtunark up(»n tin? discliarciny" or 
eolh‘etin_e' power (d’ Harm* (»r hoi air. I Indieve, with Harris, 
that tlie nu'iT. heat doi^s uothiny (U>(i7.), tin.' raiadaetion oul\ 
heiim iniineiitial. d’he (dieet of rarefaetiou him been ahaeidv 
emmadered i?'en(‘rally { k?7o.) : and that caimed by tin' ln*at 
of a hiirniiiii’ liahr, \\illi the pointed form of the wiv k, ;,n\d the 
earrviiiy’ ])ower of the earhonaeeoin^ partii les wliieh for the 
time are a.^soeialed with il, are fiilly sullieient to account for 
all ijie elVeets. 


llkSl, Wo have now arrived at llio itn]>ortant <{uostion, liow 
wiH the inductive tension ro(|uisite for insulaticm and disrnp. 
tivo disidiaruo ho siisrainod in irasos, wliicdi, ha^in^i' the same 
jihysieal state and also tin* pressun and tlio same (tm- 
pvrafiire as r//V, dillor from it in s|)oeitic p’avity, in eliomieal 
(lualitios, and it. may be in peculiar relations, which not heim; 
as yet rcjcogiiiscMl, are juirely electrical (I3l.il.)? 

Into this ipiestioii I can enter now only as far as is 
essential for the ])resenl; arp:ument, namely, that insulation and 
inductive tension do not depend merely upon the ciiar^ed 
conductors employed, but also, and esseiuiallv, upon the inter- 


♦ Hih.rniv. i8;n. xUiii, a?.). 

f 
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posed dielectric, in coiiseqtioiicc of tlie molticular action of its 
particles. 

1383. A glass vessel a (fig. 13.)* was ground at the top 
cand bottom so as to be closed by two ground brass plates, h 
and c : h carried a stufling box, with a sliding rod d tiM-ininatod 
by a brass ball ,9 below, and a ring above. The lower plate? 
was connected with a foot, stop-cock, and socket, c, /*niul (/ ; 
and also witli a brass ball /, which by means of a stem at- 
taehed to it and entering the socket //, could be liN:eil at various 
heights. I’lic metallic ]>arts of this apparatus wc're not vai- 
uisliod, but the glass was wcW covered with a c‘oat of ^hell-lac* 
previously dissolved in nh'oliol. On ('\hausting the vess(‘l at 
the air-pump, it could he filled with auy oilier gas than air, 
?uul, iu socli cast's, tlie gas so j^assed in was dried wliilst ('ut<'r- 
iug hy f’iisi'd i ldorirle of calcium. 

13 s !. d'he oilier j)art fit tin* a])]>aratns c(»nsisred of two in- 
sulating* pill.-rs, h and /. to wlucli weia* lived two brass balls, 
and tlirough these ])assrd two sliding* rods, Z* and ///, tenuinaled 
iit (Uieli end by lirass bails; n is tin' ('iiu (if an insulated eon- 
duetor, wliich ('ouid be rend(*rrd {‘itlier posiiiv(‘ or negative 
IVom an ele(‘trical maebine : o and /; arc y iri's ‘’onnecting’ it v, ilh 
tlie two jiarts pr('\iously (leserilu'<l, and tj a wire* \\hit*lu eou- 
necting tin' two o[>posite sid<*s of the f ollaierad arranga'iiumts, 
also e<nnmuniead( s witli a good (iis<*harging triiiu r 

13 ^ 0 . It is e\i(!ent t!iat the diseharge from th(» maehine 
i'h'Ctrieity may j>ass eltlier b(»tv. (v.m s and /, or S ami I., 'i'lu' 
ri'gidation adopted in tlu' first e\p('riments was to k(a*j) s and 
/ w itli tju'ir distance tinrhinuji d^ but t(» iiUroduee first one gas 
and tlu'u another into the vessel o, and then balance the dis- 
charge at the one plaet' r?gainst that at the otlu'r; for b\ 
making tin? inter\al at v sulfit'ieyily small, all tlu' disduirge 
would jiass tli(n*e, or making it suflieic'Ully larg(‘ it Voukl all 
occur at tin* int('r\al r in the rec('iv(*r. On jiriiviph' it seeim.'il 
evidcMit, that iu this way the varying interval ?/ might he taki'ii 
as a measure, or ratb.er indication of the resistam'O to diseliaige 
through the gas at llu? constant interval r. I'ho following are 
the constant dimensions. 

Hall .V . . . . U-!13 of an inch. 

Hall S .... of an inch. 

Hall I 2M)2 of an incli. 

Hall I. . . , . 1*95 of ail incli. 

Interval v ... 0'()2 of an ineh. 

1386. On proceeding to exjieriment it was found lliat when 

air or any gas was in the receiver a, the interval u was not a fixed 


The drawing is lo a scale ut I (i. 
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one; it might be altered through a certain range .of distance, 
and yet sparks pass either there or at v in the receiver. The 
extremes were therefore noted, i. c . the greatest distance sliort 
of that at w hich the dlscdiarge alicays took jdace at v in the 
gas, and the least <hstaneo short of that at which it aheatfn 
to;)k j)lace at it in the air. Thus, Vvith air in the receiver, the 
extremes at // were 0*5G and 0-70 of an inch, the rangi‘ (jf 0*ti3 
1)(‘ing oiKJ at which sparks passed oceasiojially either at one 
interval or tln^ otlier. 

I.'iST. Tlici small halls and S conhl he rendenvl eiiho/ 


[)Ositiv(^ or iieirative from the machine, and i 

IS gasc 

s were ox- 

pcc'led and wen* found to ditfej- from each other in 

relatiun to 

tlii.s the re, 'lilts obtaiiml u 

iiilor the 

s;‘ diiTerences of 

c!i;n*ge wt'rc* aho noted. 

'Jht‘ ioliow lug i.' a tal)I(‘of 

results ; 

the gas namofl is 

tliat in the V(‘.>scl tt. 'I1ie smallest. 

gn^ate.-t, 

and mean inlm- 

\al at u in air is exi)re>st*d in'itarts 

of ;m im 

'll, the 

interval v 

')oie.g con.-dantlv 0*d2 of an ineli. 


HK'.lifst. 

OV'ilrvt 

. 3K;iu. 

( Air, s and S, po^ 

O-dO 

0'7!i 

OdiPh 

( Air, ,v and JS, ne'J 

0':>p 

o*ds 

()d;35 

( i )xygen, .V and S, pos, . . 

on 

O'do 

o-r>o:> 

( Oxygen, s and S, n(‘g. 

O-hO 

O-oJ 

0 olO 

) Nitrogen, ,v atid S, ))os. . , 

o-:>r) 

O'ds 

OdilT) 

) Nitrogen, ,s and S, nog. . «. 

()•:»!) 

0-70 

OdMo 

J I lydrogen, .v and S pos. . 

0 30 

0*ht 

o*:‘>70 

( Hydrogen, s and S iieg. . 

'Jo 

<1-30 

0*273 

{ ( hrboni(' aeiti, .v aval S ]ios. 

. o*:>(i 

0*72 

0 (Mo 

( ( 'ariu)nie aeid. x and S neg.* 

, 0'.*)S 

o-do 

tt-opo 

( ()u«(iant gas, a and S fats. . 

o-dl 

O-Nh 

(^77)0 

( Oli'tiant ^'as, .v and S neg. . 

0 tip 

0 77 

o*7:h) 

( ( 'nal gas, .v and S pos. 

. 0-37 

Odil 

0*4!t0 

) (’oal gas, .V and S neg. . , 

. 017 

or>8 

0 323 

f Muriatic aeid gas, .>• and S pos. 

, (l-Sil 

1-3 2 

1*103 

^ Muriatie acid gas, a ami S iieg. d-ii? 

0 7h 

0*720 


1380. Tlie above results were all obtained at nm' lime. 
On other occasions ollnu' e\pe^iment^ wort* made, which gave 
gtmorally tlu^ same results as \o order, tiiongli not as to mmi' 
bers. 'Fhus : 

Hydrogen, ,v and S pos. . . 0*2:) (l-oT (Mth) 

Carbonic acid. A* and S pos. . 0*r)l l-Oh d’7S0 

Olefiant gas^ s and S pos. . . Odid 1-J7 
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1 did not noiico the ditVoronco of the barometer on the dii.ys of 
experiment. 

One ^vould have exjjceled only t^vo distjoiees, one 
for eaeli interval, for whit h the di.•^t•llnl•^lMnii»;llt happt'ii eillu r 
at one? or the other ; and that the ii'a.^t alteration of oil In r 
would iniinediately eanse one lo ]>re(lominnte (*niistantly t.ver 
the other, lint that under enrnmon eireuinstaiues is not tlie 
ease. With air in the re.eeiver, the variation amounted to O-lJ 
of an inch nearly on the sinaller interval of ()*h, and witli nui-- 
riatic acid gas, tlic variation was abo\ (* I on t Ijt^ smailei* 
interval of 0*0. Wiiy is it that when a ti\ed inttn val tflu' on<^ 
ill the receiver) nv ill pass a spark that cannot eo aevitss 0*0 (»f 
ail* at OIK' time, It will iinmediatel y after, and apj>arentiy un- 
der e\acrl\ similar (*in umstaiices, not i>ass a spark that { aii 
go across O'S of air'.* 

l.'lhl. It is prol)aI)le that ])nrt of this varia,t!«)n will he traa cd 
to partichvs of dust in llu' air ‘drawn int(» and ahouf liie cir- 
cuit. I l)olie\ (? also that j^art d<'[>cu<ls upon a \ ariah!t‘ cliargcd 
condition of tlio surfa<'(»of the gia>s vt'ssc^ </, d'liat thi* wholi* 
<»f th(' effect is not traiaaihle to ll.t', intlncnce f>f l ircnm^ tiinct's 
in the vessel a, may he dtaluced frotn the fact, th.at when s])arks 
occur het \v(‘en balls in free' air they iViajaeiitly ar*' not .-traiglit, 
and often pass ollu'ru is(‘ than by the sborJ(*>r di>tanee. 'l'h(\se‘ 
variations in air itself, and at diilerent parts of tin* \(*ry same 
balls, sb(‘w fh(! presemee ami induence of ciia mnstanccs winch 
arc* i'alculatcd to product? etU'(.ts <»f Ilu‘ kiiul now under con- 
sidcration. 


r 'J\i he iAiiU iniu'ii. ) 


XI 11 KvprriincuL^ n httivr itt iht: pri>jK/fjniio// Cf/ha ic 

in a ]\I( (allic Jh/r, Hy AI. 1 1. Sen i:()i:i)i;iu Msip IVofes- 
sor of Natural Philosophy at S(»lcur(?. (.'oiniuimicated by 
the Author. 

It is well known that artilicers in rnctal, advanru' generally 
enough the curiou.s fact, that a metallic bar one end of which 
is placed in an iirdcmt furn;u,e, aiul held hy the otlu'r emd 
until the heat has begun to he sensibly hdt by the hand, will 
suddenly <*ause a very considerable c?levatio!i of temperature 
to he felt, immediately on removing out of tin; fire the heated 
extremity of the liar, in onler to expose it to the cold air, or 
even to plunge it in cold water, 1 know of no other experi- 
ments on the subject than those of M. hlsfduir, of llreslaw, 
(Proggend. Ann. 19, — 507), and those of Professor Moussori, 
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of Zurich, who coiiiimiuicatod t.honi last y*‘ar in the section of 
Natural Philosophy, at tlie mectlnj}; of »S\viss Xaturali'jts, 
held at Neufchatel. 'l‘lu\sc two philosopherci .secni not to 
doubt of the existence of the fact in (picstioii, but the former 
is or seems illine' to attrihute it to a variation in tlie coin 
diictini’’ farully of nuCLal^ according to their temperature, 
whiL>t M. Moussoii coijsidtirs it as proving a develc'pernent of 
spt'cilie caioru , produced hy a molecular comprt-.'iaioii wliich 
would he (aused l)y the sudden cooling to w hich the metal 
nas subject ctl. 

Having several reasons b) (ioii]>t u bet her the truth (»i the 
fact or phenomena bad la en rigorously e^tablished In exueri- 
rr.eiirs imule up to tlie present tiling 1 iiiidertooh to coinince 
niyseiij by decisive and direct experiments, Vvhetlier the piie- 
noinc.ua. bad existed or not, and in the lattc'r case, to shew 
that, a lalse expl.inatioii of other phenomena on the part of 
lh{‘; c j)hilosoj)!ier.s, and a coirinton illu.^ion on the tiart of the 
an i-aii"-, arc- the (mly laai.'.ons for advancin£r a position so 
})arado\ii'aj. Now such haj)pens to l>e the result at which I 
anivefl in nmking: usc^fd* the means odcrod to us by 
Iherma-elcclric forces (»f nu'asnring the changes of tempera- 
tur<‘ ; and 1 iiavo give.n to tlie experiments whi< h I am about 
to describe, another iniportamto besides that of having served 
to demonstrate in a decisive niamicr, that the pljenomeiia 
now in (juestioii has no exislenee whatever. 

I olitaiiied a galvaaiomcter of a very delicate and sensitive 
con.-t ruction used in rneasiiving tlicrmo-eli'ctric currents, on 
tlie model of that which Fechner has recommended as most 
convenient for that jmrpose. It consists of a large band of 
copjier, folded onci; ronnd an astatic systcmi consisting of two 
magnetized needles, bi<'li conhU oscillate freely on a gra- 
dual jd eirele from d(‘git‘e to (h\gree, A simple ehnnent of 
bismuth and antimonv, conmiunicating^ with tlie reservoirs of 
mereiiry, inlo»wlncii the ends of the band of copper are 
])lui)ged, gi\es to the needle a continued deviation from 
80* to JS5 degrees, on aj^jilying solely the teniiierature of 
the hand to tlie point of the solder. 1 aiterwanls soldered 
even at the soldering ])oint of the element of bismuiU and 
antimony, one of the exlremijies of a bar of another metal, 
long enough to allow the free extremity to he exposeii r<.> 
the action of heat, without any direct inlluem e being exercised 
on the soldc'r of the section of l.nsmuth and antimony, then 
keeping the eye invariably fixed uu tlic needle, 1 awaited the 


* No upper needle to be (thovc thu upper side of tlu* cidl. and the 

lower ntodic within the co'il. — Kuit. * 

VoL. V — No. ‘^6, Juffust, 18-10. o 
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time when the tempcratiire of the ]>ar would become per- 
manent throughout its \vhol«’ extent, which was eas ily 
observable by a constant, deviation of tlie galvanometer. 
Immediately on tlie arrival of this moment, 1 removed, by 
an assistant, the source of lioat, and plunged the red hot 
extremity into cold \vat('r. If the sudden cooling of the red 
hot extremity of the bar had power to jii odiice in any manner 
whatever an augmentation of the teniperaturo of the other 
extremity, it is clear that this heat would (‘omnuniicatf'd 
to the })oint of the solder, and that ihe iieedus btdore making 
a retrograde movement, wliich would he the iMiect of the cool- 
ing having commenced, ought first to uianii’e.st au in^tantaiicou.s 
deviation, in t!m contrary direction, (luM’chy imlicating an 
augmentation temperature, lint what was tlie cha.nge iii 
tlie circiim.vlanees of this experiment ? iiev(*v liave I been able 
to perceive the least sign of an ellect a])])roaching to this, 
'I'he needle, on the contrary, remained each trial, immovahh^ 
during some time, until peiiiaps the coeding h.ul been com- 
municated to the point of tin' solder in theoniinary manner, 
and then began imnu'dintely to^indieate the dirCA't oftect of 
cooling. I liave repf'ated ilu’se experiment.^, under very 
dilVerent circumstaiua'.s with bamU, with bars, with wires, 
with ma.sses of diirereiit forrn.s both of iron, of copper, ( f /ine, 
of brass, &c. giving tluMU difT<'reiit lengths from two feet to 
half an incli ; making ii'^e o; sources of luvit of a tem})erature 
more or les.s elevateil ; producing the sudden cooling some- 
time's by tlie action of the air, sometimes by water, and at 
others by iiK'rcury ; and in making use of the thermo-(dectri(i 
elernenr, a combination of any two metab' ; but in no case did 
the needle indicate to me an augmentation of lemjicraturo 
after the the operation of cooling, ^rbe result of these experi- 
ments being absolutely negative,' I judge it not ne'*essaiS' to 
describe them in detail ; but I conclude therefrom with cer- 
tainty that the fact in question does not exist. 

This point once established, it remained for me to repeat 
conveniently the experirnent.s of M. IMtuisson, in order to give 
the true explanation to the [ihenomona which he has observed. 
Now I am convinced, by a ( arefnl examination, that the ox- 
planalJoii of them coincides wkli tliat of a well known pheno- 
menon, whicli may he observed easily by any thermometer in 
any degre(3 sensitive, namely, that if tlic instrument be 
suddenly withdrawn from tiie source of heat, at the Jirst mo- 
ment there will be seen a rapid elevation, after which the 
depression will commence. We know that this circumstance 
is owing to the sudden contraction of the small bowl of glass, 
and* to its diminution of volume, which surpasses during the 
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firist moments the effect of the (lej)rcssiun of temperature on 
the whole column of mercury. The phenomena which M. 
Mousson has observed are quite analogous to this, and it 
appears to me that he has deduced consequences from it which 
cannot be admitted or maintained. 

IVevertlielens the hypothesis which lio has advanced, that a 
sudden cooling ought to <‘ause a molecular coinpresaion, which 
ill itself ought lo l)(.*coiue the means of developemcMU of .specific 
caloric, appears to me to be admissible in a particular case, 
that isS to say, when it acts on the luUrior parts of a mass 
healed tlirouglioul its whole extent, at die lirst moment wiierein 
the surface is cvioled with suliiclcnt rapidity. 

1 ho[)(i however, to be ai)le to demonstrate this fact by 
expcrinicnls. in this iur-lance, I took a small cylinder of 
iron, in the npjxu* side of which 1 inserted a spiral iron wire 
sidK'dontly stroiig for the purpose. I covered this cyhuiler 
up to half its lieiiiht in a crncit)le, leaving the principal points 
hare, thim 1 soldered a copper ware of nearly two lines 
diameter, .in siicij a ipatiner that the copper did not touch the 
iron exci'pt ixk Tne ])f>lnt. of the s dder. I afterward.'? fixed the 
ends of the in»n wire and the copper wire in the rcsciwoirs of 
meiTiirv, wliich comin!ini('aled widi the baud of tiie galvano- 
met(‘r, and then I luviled the cylinder by tiie heat of spirits 
of wine. I expected jhat llie exterior jiarts of the ma-ss (if it 
is true that in these ciicumstances they are vontracted suddenly 
by the cilei't of a depression of temperature. ) w uuld exci'cise 
an instantaiH'ons compression of the iiuerior parts, which 
W'oiild give placi’ to a de\ elopement of specific calorie, which 
would be iiu’fuaiedby the galvaimmeter. In order to find 
the mo.st fa\oral)le circumstaiiees to (d>t;dn exactness in the 
experiment, 1 obseiwaal at tlil^ ^uccessive jiositions of the 
n(?eflle dyring the time of iK’ating. The needle commenced 
by deviating to 72 ; then, the healing still going forward, not 
only did it retflni with great rapidity to the point 0 of the 
division, but pa‘<sed it, making a contrary or negative devi- 
ation nearly to tin . The continuance of the proeess of 
heating pimduced then a coutiary tliermo-eleclric ri'lation 
between the iron and the C(»pper, inasmuch as the direction of 
the current depends on the temperature of the jioiiit of tlie 
solder. 

1 profited by this remark, and now' put the lamp at suJi 
a distance from the mass of iron, that the needle had powt^r 
to take nearly a constant position at the point O' of the divi- 
sion whenever the temperature of the mass became jiermaneiit. 
This I easily accomplished after one or tw’o trials. In, fact, 
in this position the needle had the greatest sensibility fuF tho 
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least change of temperature, and it sufficed, on approaching 
it to the flame for an instant, to make it deviate for some 
seconds after with a quick movement, almost like a shake 
towards the negative side of the point 0 on sucli a manner, 
that it could not retain its constant position until after several 
oscillations. The iron was at that point of tempenituro aji- 
proaching to a red heat. 1 fixed my eye on the needle, and 
caused the inferior portion of the mass of iron to he plunged 
into cold nicrcury. Hut the needle remained iminoyable 
during the llrsl inonients, llien immedialely aftcimanis indi- 
Cdted to me a prompt slat koiiing of ilui lieet or coDlnig Irom 
the point of the solder. Tliis idieet was \ery contrary to that, 
which 1 had expected, because it aiipeared to me. that a 
strong molecular compression ought necessarily to lake ])lace 
in this case. I do not wish to cimciiide trom this, that a 
developement of specific heat, caused hy a due eompres'^ion hy 
contraction of those parts suddenly cooled, has net taken 
place in any ease ; but we see however, that if the tact does 
exist, it ought at least to be of very iitlk' imtiortance, for that 
it cannot be perceived even under tlie mo<t favTnahlc eirciim- 
stauees, with an iiistnimeut so setisiu\e as ttie galvanometer 
of whicli I have spoken. It is very necessary then to he able 
to make nsc of and to explain jdienomena so coiitidently 
asserted as those described by M. Monsson. I have named 
this last experiment because it appeared to me to have given 
a result contrary to what we should have (•xpoeted. 

I have liesides these made some experiments relative to 
those which .M. I'iseher has puhlislied. Hut as these are not 
independent of the sensation of the hand, 1 tliink we migdit 
not to attribute any great importance to them ; 1 cmitent 
myself then simply with saying, that my experiments have 
conducted mo to the lielief that ’lM. F. has partakvm of the 
same illusion, to which artificers in metal, ordinarily ahandou 
themselves. 

XIV . — On a New Electro-Magnetic Engine. Hy Tiiou.vs 
WuiGHT, Esq. 

Dear Sir, 

I sec in your last number an ticcount of a new Electro- 
magnetic Engine by Mr. Clarke, in which he lias dis- 
pensed with the rotary motion, and returned to the crank. I 
have been lately engaged in some experiments, the results 
of W'hicl), incline me to believe that this will be the best form 
of applying the electro-magnetic power. 1 adopt however, a 
very different arrangement from that of Mr. Clarke. 
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'rhcnKignutisiii inilnced in soft iron by electric currents has 
gr(.‘at sustentive, but small attractive ])0\ver, in comparison 
with that of steel magnets ; the great ])ower whieli the former 
possess not being develoj)e(l, until their keepers are in ('on- 
nexion witli their pohs-?. In laylor’s rotatory ejigme, whieli 
I have reason to think i.' tlie best, the magnets are passed hy 
llunr kee]>ers with siieh rapidity, that 1 should tliiiik it impo-- 
sihh* that their ]k)\vi r can be deveia])ed, as it reciuiies a 
certain iengtli ei‘ time tor tliat pnr|io-<». 

'i’he gis'at (linieulty iii file const ruetinn of e]ectn»-rnagiictlc 
engnu's with tluMTiiiik motion, is the .simrtiu'ss ot tin^ str(;ke, 

which, for any useful purjiuscs, sh.ould not exceed a (luartor 
of an incii. i havtg howe\er. iiecn altle to iiKrnsa.-e the 1 ciilO.iI 
of tin? stroke materialiv, by two metli(MU : — the first (.‘onsi^ts 
in keepinu' one (md oi l!i(' armature on ils n‘spcctive poie, as 
at (I fig. 1 ;iml l.'.king the ^^roiwe between 1.^ and ('; 

thus iiitt‘rni])ting the maunmii’ ein-uir ai one j>lace only ; this 
plan answers iK‘tii‘r witii snciU tderiro-magnets, wliieh gene- 
rallv possess gre;i^er* conijiarative intevisily, than tlK'.->e of a 
larger ^ize. A*.smaii elcctm-is^agnet* a (piartev of an inch stpian?, 
and s(.‘M‘ii inches long, (‘(hied witli ten yard> ol coppi.u’ bell- 
wire, atliacted iN kcepin*, phu'ed parailei with its j.mles, a 
qnffrtin' of (ni inch, (along a polislied mahogany labhg) when, 
hou(‘V('r, tiu' k<*(‘per wa^ phnaal as in i:g. L it attracted the 
otlier end <ni. inch, ami a anaricr; \hU was the result of 
several experiments. 'The second imuhod wbicii is hotter 
adapted for large eli'clro-inagncgs, e<»ii<i.'?ts in keejiing one side 
of the armature on tiie magnet as in fig. tins I think 
will be the most available method of a])plying the ])o\ver, and 
.1 am now making a small engine on this ]»riiu*iido, on which 1 
ho|>e to have your opinion in a short time. 

The jwagnets (Mujiloyed in this engine are straight, and com- 
posc'd of hoop iron, well anneal(»d and riMUed together, and 
are coiled to within an iin h and a half from tht' ends, to which 
ar^’ riveted pieces of soft Ivan two Indies s«[uare, as sIuwmi at. 
A lig. lb plate .‘b these magnets are then united in pairs, by 
having tlie pi(!ces of soft iron attadunl to them hinged together 
at /b tlicyy are thus liroiight as elose as possible to each other 
along their whole knigtli. • 

Fig. 4, is a plan of the engine with two pairs of magnets, 
the end of the lower magnet of each pair being coiu-ealcd hy 
the pillar on which it rests; the armature of the upper mag- 
net of the pair on the right hand, forms part of the beam of 
the engine, the hinge which attaches it to the lower armature 
being the fulcrum. The upper armature of the other pair is 
attached to the beam by a rod at A; it will thus he sceir that 
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by making communication between the battery and each pair 
of magnets alternately, the armatures of the magnetized pair 
will be strongly attracted to each other, lifting up the armature 
of the other pair respectively, and working the lly wheel. 

B B B, fig. 4 plate, shews the apparatus on the shaft of the fly 
wheel, for throwing the battery power alternately on the pairs 
of magnets. 

1 am, my dear Sir, 

^\mrs truly, 

'i'llO.UAS WltldUT. 

XV’. In /Insu-vr to Dr. Hare’s Letter on certain Theorclicfll 

Opinions. By M. Faraday, F. ll.S. 

Afy dear Sir, 

1. V’our kind remarks have caused me very candullv to re- 

vise the general principle.s of the view of static indnetion which 
I liave \entured to jmt forth, with the very uaturalfear that as 
it did not obtain your accejitance, it niiglit be fouiMhal in error; 
for it is not a mere comjilimentary expression when 1 say' I 
have very great resj)eet for you.r judgment. .\s the recon- 
sideration of them has not made me aware that they dilVer 
amongst themselres or with facts, the resulting iuipre.'sion on 
my miml is, that I must have expressed my meaning imjiei’- 
fectly, and I have, a hope tliat when jpore ( Icurly staled my 
words may gain your approbation. I feel that many of the 
worths in the language of electrical .seitniet' possess much mean- 
ing ; and yet their interpretation by dillcrent piiilosophers 
often varies more or less, s»» that they do not eairy exactly 
the same idea tt) the miiuls of tlifhM’ent men : this oftt.’U renders 
it ditficult, when .such word-s force ihemselvc'^ into use, to ex- 
press with brevity as nuu-h as, and no mort,' than, one really 
w ishes to say. ^ 

2. My theory of induction (as .set forth in Series xi., xii., 
and xiii.,) makes no Jissertion as to the nature of electricity, 
or at all (iuesti(»ns any of the llurories respecting that sidyeet 
(1(J67). It does not even include tlie orig:inHtiun of the de- 
veloped or excited state of the power or powers ; but taking 
that as it is given l)y experiment and oh.scrvation, it eoneerna 
itself only with the arrangement of the force in its c«mnmuii- 
cation to a disbincc in that particular yet very general pheno- 
menon called static indticlion ( Uifitt.). It is neither the nature 
nor the amount of the force which it decides upon, but solely 
its mode of distribution. 

3. Bodies whether conductors or non-conductors can be 
charged. The word charge is equivocal ; sometimes it means 
that ‘State which a glas.? tube acquires when rubbed by silk, or 
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which the prime conductor of a machine requires when the 
latter is in action ; at other times it means tiie state of a Ley- 
den jar or a similar inductive arrangement when it is said io 
be charged. In tlie first case the word Tnean« only the peculiar 
condition of an electrified mass of matter coiisider(‘(l bv itself, 
and does not «‘ipparently involve the idea of induction ; in the 
second it means the whole of the relations of two such masses 
chari/ed in oppoMte states, and most mtirnately eomuTttid iiv 
inductive action. 

d. Let three insulated nndallic sphcr(‘s, A, D, and C, he 
placed ill a line, and not in contact 5 let A he electrified po.*^!- 
tividy, and tlnm (.’ nninsnlati'd ; bedsides the gimora! actmn of 
the w hole system upon all surrounding matter, there will occur 
a ca<e of inductive action amongst tin* three l);!lls, which may 
be coii'idered apart, as tlie type and illustration of the whole 
of my tlu'ory: A will h(^ charged jiositively ; li will acquire 
the negative state at tlie surl'ac^^ tiiwards A, and tiui positive 
state at the surface furthest from it : and L will he charged 
negativi'ly, ^ , 

5. 'I'he halV V) w ill he in what is often called a polarized 
condition, i. e. (»p])f)site parts w ill exhibit the op|)o>itc electri- 
cal states, and tlie Iwa* sums of these opjiosite slates will he 
exactly eipial to (‘aili other. A and C will nut be in this po- 
larized state, for they .w ill each he, as it is <ai(l, chargeil ( 3 ), 
the one ])ositiv(‘l\, the othm* negatively, and tlioy wall present 
no polarity as far as this particular act of induction (4). is 
concerned. 

0. Fhal one part of A is more yH-sitiM^ than another part 
does not render it jiolar in the sense in which that word has 
just lici'n used. We an' considering a particular case of in- 
duction, and have to throw out flf view the states of those 
parts iml, under the indm li^e action. Or if any elnl)arra^s- 
incnt still arisi' from the' fact that A is not uniformly charged 
all over, then A c have merely to surround it with halls, such as 
H ^ind (’, (HI every side, so that its state shall he alike on every 
part of its surface (because of the uniformity of its inductive 
influence in all directions) and then that difliciilty will he re- 
moved. A therefore is charged, hut not polarly ; B assumes 
a polar condition ; and C is charged inducteousiy (1483). be- 
ing by the prime influence of A brouglit into the opim^ite or 
negative electrical slate through thcinierventiou of ilic inlcr- 
niediate and polarized hall B. 

7. Simple charge therefore docs not imply pnlarily in the 
body charged. Inductive (4iarge (applying that term to the 
sphere B and all bodies in a similar condition (3) does (11)72. )• 
Ihe word charge as applied to a Leyden jar, or to the i^kole 
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of any inductive arrangement, by including all the effects, 
comprehends of course both tliose stales. 

8. As another expression of my theory, I ^vill put the fol- 
lowing tile case. Suppose a metallic, sphere C, foniu'd of a 
thin siioll a foot in diameter ; suppose also in tiu». centre of it. 
another metallic sphere A (.ody an inch in diamelcr ; supjuise 
the central spliea* A charged {lositivciy wiiii clechlcily ihs^ 
amount we will sav of 100 ; it, would r.et h\ imhirlitm ihroui^h 
the air, lac, or other iiL-nlator l>rtwc' n it and {lie large 
.sphere (.’ ; the interior of the latter uoiild he negatise, and its 
exterior positive*, and the sum of the {)Osirive three upon tiie 
whoh; of tlu* external .Niirface would be 100. d'he .vjjlu're C 
would in fact be pol.:ri/.(‘d (o) as regards its inner and outer 
snrfac(‘s. 

U. Let ns now conceive that instead of mere air, or otlier 
insulating diehu'lric, uithin C la'tween it and .V, there is a thin 
metallii* eorieentrie splnuT l> .dx inches in diameter, d'his 
will ihake no difference in the iilllmate result, for the charged 
hall A will lauider the inner and outer surface's of this sjduTe 
11 m’galive and positive, and it, again uili remler thi‘ inner 
and outer surfaces of the large .^jilnu’e (.’ negative^ and posi- 
tive, tlie sum of the positive forces oirilie out, side of (' lieing 
still 100. 

10. Instcsad of one intervening s[>h(‘re h’t ns imagint' 100 or 
1000 eone'entrie* with each otheng and si^parate'd by insulating 
matter, stiil the .^ame linal re.^nit will occur; the central hall 
w ill a<*t imhu trieally. tlie inthn'iiee euaginating w ith it, w ill he 
earrieul on from spliere to splu'rtg amt po>ili\e loree eepial to 
too will app(;ar on the oiOsidt* of the exteunal spln'n\ 

11. Again, imagim* that, all thes(‘ .‘-phere.s are sn'ndiv ided 
into myriads of jj;»rtieles, (*afh being (*n'(*eti\elv in.snlated from 
its neighbours (1070.), still the linal re.-nlt will o(\;nr ; 
tlu; indnetrie body A will judari/.e ail tiu'seg and liaMtig its in- 
fluence earricfl on hy tiiern in their newly aeqn’.red states will 
exert precisely tlie same amount of action on tin* external 
sphere i as before, and positive force eijnal to 100 w ill appear 
on its outer surface. 

12. Such a state of (he space ludween the indnetrie and 
indneteons surfaces rcpre.sonts wind. 1 believ(; to he the state 
of an insulating dielectric under indn(di\e influence ; the par- 
ticles of which hy the theory are. assumed to be conductors 
individually, but not to one anotlier (1000.). 

13. In asserting that 100 of positive force Avill appear on 
the outside of the external sphorii under all these variations, 

I presume I am saying no more than what every electrician 
vil! 'admit. Were it not so, then positive and negative elee- 
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triciliea could exist by tbciTis(‘lves, and v.ilhout relation to 
each Ollier (1 Uil). 1177.), or lliey could exi.^.t in proportions 
not e([uivalent to eaeli otliCT. 'ihere are ]jleiity of expori- 
nients, both old and new, which prove the trulii of the prin- 
eijile, and I iummI not go hirtlun- into it here. 

M. Suppose a piano to jiass through the centro of tliis 
spherical system, and (conceive that instead of the .-pace be- 
t\v(‘en tile central hall A and the external sphere C being 
occupied by a unilorin distribution of the equal inetallie par- 
livtlcs, three limes as many were gnjuped in the one half to 
wliat oeciirri'd in tlie other half, the iiHulation oi the ]>articles 
})t‘ing always [jn\s('r\ed : then more of the indiiclric intbience 
of A would be conveyed outwards to the inner iiairface of the 
iVpliere t', through ihar half of the .sjiace where t!:e greater 
number of melaili(‘ parlieles exi.-ted. than through tiie other 
half: .still tiie e\terior (.»f the outer sphete C would be uni- 
formly charged with po.dlive eli’(.lricity, tiie amoiiiit of which 
would 1 k‘ 100 as helore. 

In. 'Mk 3 actions of the two jmrlions of space, as they have 
ju.-l hcen snpv.f.sed to b(' cf»iy*,tituted (14), is as if they pos- 
sess^ed diliereni: specijic indticlivc capacUics \ but 

J by no means intend 1o say, tliat .sYar/y/e inducf. ‘u:c capacity 
d(‘pends in all (-a^es upon tiie number of conducting particles 
of which the dieieclrit; is formed, or upon their vicinity. The 
full cause (d‘ the evident dillerence of inductive capacity of 
ditlcroiil bodies i.s a jirobhmi as yet to be solved. 

lb. lu rnv pi*[K?rs 1 .speak of all induction as being depen- 
dent on the action of contiguous parlicle^, i. e. I a.ssume that 
insulating bodies consi>t of particles which are conductors 
individually ( Uib9.), but do not conduct to each other pro- 
vidcid the intensity of action to wliich they are subject is he- 
neavdi a given amount 1(174. l(>7o.) ; and that when the 

indiiclric body acts upon ('onductors at a ilistance, it does so 
by polarizing 11)70.) all tliose particles which occur in 

the porti.m of dielectric, between it and them, 1 have usCil 
the term contiyuoas (1 1(14. 1070.), but have Ihope sulliciently 
cxpn'ssed the imxuiing 1 attach to it: first by saying at par. 
1015, “ tlie next existing particle being consiiicrod as the 
contiguous one;’’ then in a note to par. 1005, by the words, 

I mean by contigiums particles tlio>o which are next to each 
other, not that there is no space between them;" and further 
by the note to ])ar. 1104. of the octavo edition of iny Re- 
searches, which is as follows: 'Hie woid contiguous is |)er- 
haps not the best that might have been used hero ami elsewhere, 
for as particles do not touch each other it is not strictly cor- 
rect. I was induced to employ it because in its eommoix ac- 

VoL. V.— No.2<i, i" 
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accoptatioci it enabled me to state the tlu'ery plainly and with 
facility. Hy contiguous particles, I mean tliose wliich arc 
next.” 

17. Finally, my reasons for n(lo])iing the molecular theory 
of induction were the jdienomena (ji cie,ctn»lyic (li.'^c'haree. 
(1U)4. lo43.), of induction in curved lines (1 jiih. I'^lo.), o{ 
specilic inductive capacity ( 1 1117. f)t‘ pemUratiou and 

return actifui (1245.), oi diilercnee of conductiou and insula- 
tion (13*20.': of polar forc(\s (lt)b5.), kv. hut for iIh'so 
reasons and anv strcnetli or \a!ue they may possess I refer 
to the j)apers lh(*inselv(‘s. 

IS. I A\i]l now turn to such parrs of your critical remarks 
as may najuire altunlion. A man who adivanj-es v, hat ho 
thinks to he new rrutr.s, am! lo(le\elope principles wliich j'-ro- 
fe.ss ro he more con'-isfenr wiih tlic laws (4' nature than those 
alrea(^’ in t!io tiekh liah!*' to h*' chargeO, dr.^t with s(‘!f-e(iri- 
tradiefion; then with the ('oiPhulictinn o{ facts; or he may 
be obscure in his exprr-sion, atui justly snhjeci: to (‘ertji.in 
queries; or he tnay he fotimi in mm agreemeiit with the 
opinions of olli'uv. 'j'lu' lir-l and s*’‘coi»d prints are \ery 
iniporlaiii, and (’\cry otte -niner't to such (iiarg(*s must h(j 
anxious tube m.ade aware (»!’, ;ind aho to set liimseif I'lam from 
or ackuowh‘(!;:e ti'/*m; riie third U also a hinlf. to l)e removed 
ifp»issih!e; ttm fourth is a nnUttu* of hit small conscuuence 
in compark'on wil!nh(M;lher three; for as eveiv man \\ho 
has the courage, tmt to say ra- hm ss, of fonniin:' an opinion of 
his n, thinks it i>e?tur tiian any from v, iiidi he dil'fers, so 
it. is (lily deep(‘r in\e'-tii!atiot}, and leovt generally future 
investiyaior^ wiio can decide whicii is in tin* vieht. 

h). I am al'raid I shall iind it rafluT diiliiuill. to lad’er to 
your letter. I wid, houevcV. nn ke.n tin* p<ira;.o'aphs in order 
from the lop of each page, consi(KTi:)g that. ll:e first whici/hay 
it.8 bfffiunhhj fiiv t in the page''. In referring to my own 
tcr 1, will cir.phiy the u^ual lignres for the |jaiagraphs of the 
J'lxperimental h'esearches, ami yrnall Itornaii immerais for 
tho.-^c of thi.s communication, 

‘20. At par, 3, you say, you cannot, reconcile my language 
at 1015, with that at llii.5. In the latter place I have said 
J helic’.c ordinarjf induction uj all (-asos to be an action of 
nintifjnom partickxs, and in the former assuming a very hypo- 
thetical ca.se, that of a vacuum, I have said, nothing in my 
theory knbids that, a charged particle in the carntre of a 
vacuum should act on the particle next to it, though that 


• V/o slull cban;^e Prof. Faraday’s rrl»;rcnffs for iljc nufnbcrs which wc 
Jiive attached to Dr. Hare’s Idler, and refer tbu'j, j>ur. 2a, &,c. 
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should bo half an inch off. With the meaning which I have 
carefully attached to the word (‘ontiguous (10.), I see ivj con- 
traiiiction licre iniicMcnns used, nor any natural impossibility 
or improbaiiiiiiy in .such an action. Ncvmtiieic-is ali ordinary 
induction is to me asi action of contigmxis panu ics, being 
particles at insiMi^ih'e distances : induction across a \acuum 

not an ordmary iu>l.tncc, and yi.'t Ido not perceive that it 
cannot ('oiiie undiu* liic scnif pi•iuci^^h■'^ or action. 

21. As an iihi>tiai-.on of rny nicauujg, 1 m-.iv rcicr to the 
('-.•■isc, j)ara!!el witii inliie, as to the oxiiemn dljlcrcnce of iii- 
tci'val ia'lwt'Cii tlm ai’ri'ig; jjariicies or Ixulii s, of the iiiodeni 
views oi' t!m raiiialioii and comiinamn of lieat. Iii radiation 
tile rav> le.ive ilic hot [lartlcii*- ami occasionally through 
great di.>l;!!ici‘.s to tin* next pariiclc. tilled to V'.‘c, Ive tfieiri : m 
coiiductiou, wIk'I'C' the Inxit pas>es iruni liie hotier particler^ to 
tho'C whic'i ari^ contie’uons and lorin pari oi the .same mass, 

.still T;je i;ass;)ge i.-: coiisithn’cii *10 h(‘ by a process ]‘)reeiM‘ly 
like lli.'it of ladiaiioii : ilud ihoueh tne clic-'is are, as i.s well 
kiUOsii, c\tre'nc!y^d.iy’<‘i't‘nt m ihcir appi’torance, it ciinnot as 
\el he .''.iio\su*;c;o liic pi'nici^du* ol’i cinniunication is not the 
fc'.mi'.' in l.)oi:i. 

22. So on th:.-' poiid re.-pet '.mugnaus particles and 
Indueiloii acr('>.s haifan iic'hof \aciiunu i do i}*.n sec timt lain 
in ('oiiirndielion v. Jtli w.vM'if or wii.i aiij. natural law or fact. 

2d. Faragraph 4 i.san.swenal by tiie aoove remarks, iiiicl 
by !h and l<h 

24. Fara-r.nph h is ;iu.»W(‘'rc«l accoi-iing to my theory by 

8, !h 1(1, 1 i, 12, and Id. 

2:'). Faragrapli d is ar.swerml, (‘:\- ept in the matter of 
opinion ( IS.), ai cm-dimv t'» my by itj. Tiie conduc- 

tion of heat rcfenaal to in the j.afagrapii itscif wdi, as it aj'- 
piairs to i'le, liear no comparison uiili the pb.euoinemm of 
electrical inductiou : -tlie lir.'^t rders to tue dislaiu iiuiuence 
of an agent, which travels iiy a very slow process, the sei-ond 
to, one where dislaiit iniluence i.s sinmltanc<ius, so to .-pea!;, 
W'ith the (U'igin of the fona* at the place of aetion tlie 
refiTS to an agent, wlm ii is repre.Hmted lyv the idea (;f one 
imponderable tluid, l.lic second to an ageuey belter veprescnlcd 
probably by the id.ea cd' two ilijlds, or at least by two forces 
the tir.st iii\(dv<'s no polar action, nor any of its consequences 
the .second depimds e-sentially on .such actions u ilh ilie ih\-:, 
if a certain jiortion be originally einjiloyed in the centre of a 
spherical arrangement, but a small jiart appears iilrimaicly 
at the surface ; with the second, an amount of force aj)|>ear.s 
instantly at the surface (8, D, 10, 11, 12, Kl.and 1 4.). exactly 
equal to Iho exciting or moving force, which is still at, the 
centre. . • 
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26. Paragraph 13 involves another charge of self-contra- 
diction, from which, therefore, 1 will next endeavor lo set 
myself free. You say I correctly allege that it is impossihle 
to charge a portion of matter with one »*l(*ctrie foici' uithont 
the other (see par. 1177.). lUit it all this he true, how can there 
be a positively exritt'd particle I (see par. Killi,). Mn.-t iii)t 
every particle be excit.{‘d negatively if it hi* i Ncited pnsiii\,>iy ? 
Must it not have a negative as well a^ a positi\e ])ole';''' Now* 
I have not said cxaeiiy wlao. you attribute to me : my wieds 
are, ‘‘it is im])ossilde, exj)(jrimentallv, to (‘Itai'^c a p<nui«ei of 
matter with one electric foive indt^pendmthj of the other: 
charge always implii's indarlion^ lor it can in no in^^am e he 
effected wirhoiir (1177.)/’ I ea>i, howi'ver, easily pi'ri«'i\e. 
how iny words have lonveyed a very (lilVeneil idea to vonr 
mind, and ju’ohahly to otiiers, than that I meant to express, 

27. l-’sing the word clmn/e in its sunple>t joeauiu:: (3, j.), 
I think that a body ran he^eharged with one e[e(‘irn- tiuce 
without the other, that body heimj roiisiflai'd in relation to 
itself only. Hut I think that sindi eharex* caimot e\i.-! withf)ut 
induction (117?^.), or indep(*ndt*nily of what is'<-ailed the de- 
velopment of an eijual anioimt of tiie other cU rlrie force, not 
in itself, hut in the neighbouriinj- consiamiiM* ])artit le> of tin* 
surrounding dielectric', and through tln*m of the* facing ]>arti- 
cles of tlic.^ uninsulated surrounding condaclmg bodies, whieli, 
under the cireumstaiuTS, termitiaie :i< it were the particular 
case of induction, I have no idea, tln*refore. that a parrieic 
when charged must itself of necessity he* pialar ; tiie spher(‘s 
A 11 C of 4, f), Ij, 7, fully illustrate my views (l(i72.). 

28. Paragraph 20 includes the c|Ucstion, - is this consist- 
ent?” implying self-contradiction, which, tiicrefonu I proceed 
to notice. "J'lio question arises out of the pfjssihiiity of ijlass 
being a (slow) conductor or notf of eiectricitv, a |/)int ques- 
tioned also in the two preceding paragraphs. I Indii ve tiiat 
it is, I have charged small Leyden jars, made uf thin Hint 
glass tube, with eledru'ity, taken out tlic^ charging wui's, 
sealed them up liermoiically, and afiei^ two or Uiree veiirs 
have opened and found no charge in tlnmi. I will refm- vou 
also to Belli’s curious experiments ti]Mm the suciTssive charges 
of a jar and the successive return of portions (d these chat 

I will also refer to the experiments with the shell lac hemi- 
sphere, especially that described in 1237. of mv Itesean hcK * 
also the experiment in 1246. I cannot conceivj how, in these 
cases, the air in the vicinity of the coating could gradually re- 
linquish to It a portion of free electricity, conveyed into It by 

• Italittua, 1837, Ixxx?., ]/. 417. 
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what I call convection, since in the first experiment fpiot(‘d 
(1237. ), wlicn the ret m il was ‘/radual, there was 7io coaiiufj ; 
and in the second ( 1 2 hi.), wl»en tln^re was a ri.aflnfj^ the ri> 
turn aetiuii we.s jno^t .>ndden and in>t:iiitan(‘osi‘^. 

21t. Paragraphs *Jl and 22 pinhap- rjidy iMapiire a f‘w words 
of explainition. In a rharyed Leyden jar I hav(« eon^id^n’ed 
tlie tv/o o|ipo^i!e furci*- mi th«‘ indnetrie and iiidnetenns Mir- 
faeos as <Hr(‘{'te(l tow .‘irds (‘ach rnh^o* tliroULih tiie ehi-s 

of tlu‘ jar, provid(‘d the jar hase no ]n*ojeetinn of its inia-r 
enatic!/, and Is iminsnlatiMl im the oiil-idc? (UN2.). W iicii 

dhciiarLO' iiv a nire or disehaiver. or any citlon* /if tlie liiany 

aMiineenu'iil-^ ns<-d for tli.-it |inrjwi-c is eile(‘t»’d. tlie^e ^ujipiy 
the ’* Mcne oilier direci ' sjinivoii of ( 

2»0. '! lie inipiirv in [‘.irayraph 23. 1 ^iinidd an.-vvm’ hv S'lv- 
inL^ tha^ t!u' [jroce^s I lie sanu' as lliat {>v wliii ii tiie jmiai jiv 
ot th.e vpher(‘ li (1. woiaid lie in ntrali/ed if ihe >jilierts 
A and {■ 'acic mad* t(» eoimniinieaie ].v a metaliii’ wire: or 
that liv \\hi(h the ItMi or lotto inlei inednue sjihere.'- (Hi.) or 
tl'.e mM'iad" ol pohyi/i d cnndiu tin'.f |)a!tiele> (ll.) wonld be 
di'eiiaryed, if tin* inner >nlieiT A, and the outer one C. were 
hron.:ht into eomminiieatimi h\ an InMiIated wire: a eireiiin- 
^tanee wiiieh wonl<! mo in iln* iea-t ath*et tlie e,*n(ii:lnn of tiio 
[lower on tile I'Nteiior ef tlie idohe ( . 

31. 'I’iii* olisctniry m my jiapers, which ha> led tn \our re- 
niarlvs in paraerajih 23. aiises. as it ajipe.'irs lo me (nfrer my 
own imp(‘rfeet expre‘'>ioi) 1, iroui ihe nnierte.in or dmihle 
meanin;^’ of tlie word di>eiiarL'e. ^ ou >ay, ‘'if diseliari:e in- 
volves a. return to the sanu' state in \iivee.iis particle-, tiui 
same imtsl; he true in llinst* of th.e iiietaliic wire. NMiercfore 
then are lln*se dis-ipated wlicn the iliM-iiar^e i- snlllcii'niiv 
powerful A' A jar is >aid lo he (fi-eiuirired when its charirod 
.siati' is leglueed liv any meafis, and it i> fouml m it.- lir-f in- 
dill’erent eonditiem. The word i> thmi imed simpl\ to I'xpvi'^s 
the state of the* ai)paratu-: and so I have used it in the t*\- 
piavssions eritieisi'd in jiarai^rapli 21, already refcrre<l to. 'I’he 
jiroeess of dmeharLO''J or the mode hv whieh the jar is hron^jlit 
into the <hseharn<Ml state, nnu he Milulivided, as of various 
kinds; and 1 have spoken of eondiietive ; 1320.), cleetri'lytic 
(13*13.), disruptive fi3.3!l.L uiijI eonveetive ( 1.302. ) di-ehaiyn', 
any one of which may cause the diseharire of the jar, or tiie 
(liseliari’c of the indiu live arranoements described in tliis letter 
(30), the action of the particles in any one of these casc.*^ 
being entirely ditferent from the mere return notion of flu? po- 
larized particles of the glass jar, or the polarized globe II (o.), 
to their first state. My view* of the relation of insulaiors^and 
conductors, as bodies of one class), is given at 1320. l(i75.*&o. 
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of tlie Researches : l)iJt I do not think the particles of the 
good coiuliictors acciuire an inlensily urpnlaiization any thing 
like that ol‘ the particles (>f bad ( ondnetors : on the contrary, 
I cauicelve tliat the coiitignoiis ])olcinze(l ])avtich‘s ( 1 ( 17 ^.) of 
good conductors dischaiye to eadt <iihcr their poiarity 

is at a very low (K’giec of iiitcnsitv (]^l2d. 1 h<? 

cjiior-tion t)f Vvhy aw the luetalhc parlich*-' di.-sipalcd vdten tiuj 
cliargo is sulilcienliy powerful, is one tha! iny lh<M-ry is not 
called npott at jirescnt to answer, since it will lu* aclnaovh d.'.;ed 
bv ail, tiial tlu‘ dis:'ij)alion is not niMM’ssa.rv to (hsch.irye. 'Itir.t 
diUcia'nt ciiects ensue lipon the sul>joe(ion (n‘ liodies to dif- 
ferenl de_iir(‘es of the sana^ j)ower, isannion (‘non:.h ex- 
peVilUOnl;!] pinloso];]!'. ; tiiO-, one d('eiv- (»f h*-;,t Will hierc'ly 

iria.ke wa.ier iaC, v. a. hiy’n r iicgrei \\ ul (itsstpuie. It US 

steam, e.iui a lov. er wlil e‘/n\/‘ii n. inio ii. 

o'J, 'i honexi n.ie-i iir ;mh pei it, if ap[)rars to me, 
is lliat eonta'n'.'d ia coi]s bi ..at 17. I ha\e said 

( iMdO w hat tiicn i'' KJ s ib ihcst'two 

extremes, perfect, eomiuetiun m)«l pvra^et iiisiiiatitm, Irom 
each other, .since the monnuit \:v in tlie smalh'st (ley ret* 

perha-tion at (‘it her extunnitv we iuvnlve tiiO element of p( r- 
foclion at tin.' o].»]'n.vh(* emi?*' am! upon this }oii say, miyht 
not tins unevy la* nia(a' with as imieli r(‘ason in the ease (»f 
motion and rest? — and in any (',}><> gf the intminixlme of 
(ip])o>iti* (pialities, may it tmt lx* said, the moment we leave 
the clennmt of p‘‘i ha tion at out* end, we involve the elemi nt 
of p('rfeeti(nt at the ('pposiU' ?--t\jay it not la* saifl of liyht and 
daikness, or of opaepume^s rmd iran.'hc'cnev ? and so forth. 

oii. 1 admit, that l!n*.'e inn'Slions aje \(*ry ])roperly ]nit ; 
not tlmt 1 go to the bill extent of them, as for inslanet* that 
of moti<»n and rest : Init bdo not perceive* their h(*aring ti|)oii 
the (iiiestion, o! wheliier ('oji(hi(*[ioii ami insnlalioii are (lifl'm- 
ent ])ro]jerlies, depend<nit nj)on two dinerent nio(h‘s ot at^rioii 
of the ])avtieles (>f tin* snhslama’s res])e( tively*posses.^ing these 
actions, or whether llnw are only dill'erenees in tle/jnu' ol^ono 
and the sanui mode of action? In this (pK'stion, howtjvcr, 
lie.s the whole gist of the matt(*r. 'I'o explain my views, I 
will put a ease or two. In fonnf*r times a principle or force 
of levity was admitted, as av(* 11 as of gravity, ami certain 
variation.s in llu^ wt'igdds of bodies were supposed to be 
caused by diirercnt combinations of substances poss(*ssing these 
two principles. In later times, the levity piineiple lias licen 
discarded ; and though we still have itnpoiulcrablo sid)slanees, 
yet the phenomena causing weight have been accounted for 
by uric force or principle only, that of gravity ; the difference 
irv gravitation of different bodies being considered duo to dif- 
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feroTH OS in (hyree of this rosidr'iit in tli(*m all. No\^ 

rif> one can for a nionanit suppose that it is tlic salne thinj 
philosophically lo assume oitii<‘r tlio two forces or liio one fore, 
for tim cxplancition of iln‘ phenojneiia in question. 

.‘)4, Auaiu, at. one tinu! tin‘ri‘ wa.*, a distincrKiii taken ho 
TW(*en t iie prinrii lv* ifT and (-feol.l: ;:| p:*e‘eMt tha 

th(S)r\ is diono a\\;j\ wit!), and tii<‘ oli« non‘«n;;’. ni' ir-u .-u.d ,-u!< 
am? )’‘‘h'rrc-d to tie- s.n.nj* ••I.? .-, 1 ol' insularlo! 

and cnudie-tion to ciu' ela-.-'), mei «!•' c. 

(\i^u\'(>(‘-< o}’ the same nowri. ,^nt lo ojn - i.j s::\ : I’O -lie* two 
tliom ios, nanieh. ilial. inchidiiej on: (me j)o-i:::\(^ jn’ineode, and 
tliat iii» !n(iinj t\.o, are aii'.en 

dh. Auam, is ll;e liieory of Oi-e ole.-jii(' and also 

that ol |\w/. solnin.' ilio d-ilt » iii <!• rcc trr 

(pvuitity oi (‘in' tluid, \Nh;$.t th(' otutn* attrionies to a \ .n*iaiioii 
in t!ie ijuantity and relation rv.o llnid-. llnlh cannot 

true. ritat tln'v ha\ e luniriv (nnjal hold of our a-^eitt . i**' oidv' 
a jiroof of o'lr iLiU 'v.ni 'e : and it i.-n ( •nlaiu wiiieln'ver is the 
lal.'C rlnM‘ry, i"' at prysenr iioidini/ tin* mIimIs of il;^ -upportx.-rs 
in houdae(‘, ae«(( i.'^jrea-ly la'iardiiai- tin' pro'.’r«.‘ss (»f seieina*. 

dii. 1 tlnnk it tin'isdorc inun>rta.ut, if v.-.' (snn to ascertain 
’v^ln'dn'r iu’-uhoiem eeni ecanue'tiou aio' en.-e ol’ 1 [u‘ la.-s, 
just a^ it i> mijjortani tt> K)‘on tint he:n and told are phtmo- 
lux’ua <»i llie same kiud.^ A..- d <*(’ < im.- rtineiua.* to sIk.mv that 
STiiok(' a -f-einis and a. stone dr-i^-jni'' In ('lx iilaiu'e to (fiie pro* 
pc'rty (d’ matter, so I tiilr.k ii. is (>:’ eon-**, (ua uee to sluov that 
one liody insu!al('> and ain)tiicr eoudoet.^ (mlv in (•on-tnuumce 
of a dijh'renc(‘ in derive:* v\' ('lie com.niou property wiiieli they 
hoth posx'-.s; a.nd iliat in hoihca.ses the (dfe.jt^ ar(' et>nsisteiit; 
with iny theory »‘f iiniiiction. 

y/i . 1 now ('(Mue to wlial may h(' ctm-fidered as (juerles in 
your let t<'r, u Inch I onyiir to* answer. Ikuaeraj h n eontaiiis 
one. As 1 concede tiiat partiedes oii opptwite si<.!e.s of a 
\acuuiu may pt'ihaps aiU upon caidi other, you ask, '•"wlu're- 
iorc'Js tin' rcc(d\cd tln'ory of tlu' mode iu wliich the cxeitccl 
surface of a‘’Ia’\ dcii jar iuduccs in the opposite surfaee a con- 
trary slati', ohjiudionahh' ?'■ Aly roas(.»ns for thinking: the 
excited su;ra('c ilocs not dinadly indiut'upon tlie opp(»site 
sui face, ivc., is, fir^t, mv heiief that the .ulass consists of ])ar- 
ticl(‘s conductive in themselves, hut insulated as r(;s])ects eaeh 
otlior (17); atid m‘xt, that in tin* arrangmnent ^iven 4, 9, 
or 10, A does not induce direc tly on C, but through the inter- 
mediate masst's or particles of conducting matter. 

In the next paragraph, the question is rather implied 
than asked — wliat do I mean by polarity ? I had hoped that 
the paragraphs IGG9. 1G70. *1671. 1072. 1079. lOSti. Kk^J. 
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1688. 1699. 1700. 1701. 1702. 1703. 1704., in the Researches 
^vould have been sufficient to convoy iny nieanini^ and I am 
inclined to think you had not junhaps seen ihem wlien jour 
letter was written. Tlioy, and tlie observations already made 
(5. 26.), with tlie case given (4. 5.), will, 1 think, be suffi- 
cient as luy answc'r. 4'ho sense of the word po/aritt/ is so 
diverse when applied to light, to a crystal, to a magnet, to the 
voltaic battery, and so ditlerent in all these cases to that of 
the word when applied t(^ the state of eoiulnetor under indne- 
tiou (5.), that 1 thought it safer to use tlie phrase ‘^species 
of polarity,” t.luill any other, \Uiich heing more expressive 
would pledge me further than I wished. 

39. Paragrapli II invohes a mistak(‘ of my views. I do 
not considei bodies which are changed hy fiiction, or ollu'r- 
wise, as ])olarized, or as having their particles polarized (3, 
4. 27.). ThisS paragra])li ami the next do not re(|uirc, 
thondore, any furtlu‘r remark, espeeially after whal 1 have 
said of polarity above (3 j8.), 

40. And now, my dear sir, I think 1 ought to draw my 

reply to an ctid. 'Ihe paragra^>hs which remain unanswered 
refcr, 1 think, only to ditrerences of opinion, or else, not 
even to ditrerences, but opinions regarding whicli I have not 
ventured to judge, 'fhese o[Hnions I esteem as of the utmost 
imi)ortau(:e ; hut that is a reason wlm*h makes me the raliier 
desirous to decline t‘ut(?ring upon the recoiisi(lerati()ii, iuas- 
inuch as on many of their conuecUed points I have formed no 
deci(Je<l notion, hut am (:oustrai\ied hy ignorance and the con- 
trast of facts to hold my jmlgment as yet in suspense. It is, 
indeed, to me an annoying matter to iind bow many subjects 
there are in electrical scituu c, on wliicli, if I were asked for 
an opinion, 1 should hav(^ to say, I cannot t(41, — I do not 
know; but, on the other liaiid, it i.s encouraging to think that 
these arc they whu'h if pursued industriously, experimentally, 
and thouglitfully, will leavd to new discoveries. Such a sub- 
ject, for instance, occurs in the currents jiroduced hy dynamic, 
inctuction, which you say it will be admitted do not mpure 
for their production intervening ponderable atoms. For my 
own part, 1 more that half incline to think they do leipilre 
these intervening particles, tjiat is, where any particles intiT- 
vene (1729. 1733, 1738.). Ibit on this rpieslion, as on juany 
others, 1 have rmt yet made up my inind. Allow me, there- 
fore, here t o conclude my lett('r ; and believe jno to be willi 
the liighest esteem, My dear Sir, 

Your obliged and faithful Servant, 

M. Faraday, 


lostitiitjon, April 18, 1840. 
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XVI. — Experimental and Theoretical 11 nseo relies in Electrl- 
citify Marpirtism, iV'?. liy \Vi[.ma:\i STnuiKo.v, Leo- 
turcr on KxporiTnoijt;i! Philo.'-:o})liy a!: tlni nonoiiruhle 

Ivist India Conipnny’h Military Academy, Addiscoinbo. 

Superintendent of the lloyal N’ietoria Ciallory of Practical 
Science, Manchester, ^c. Sec. I'ihh Memoir. 

Sa t ion 1. 

On EoUalc Combinations. — A new Iktftrrp of Cast Iron and 
ama/gamafed Zinc. — A comparUon of ifie Chemical povetrs 
(f vamm l oltaw IkUlcrks. 

234. About twelve years atro, 1 eo^aeed in an (‘xteiisive 
series of experimental enquiries, rcspectinir some of thi^ 
principal conditions m'cessarily connected with the action of 
voltaie hatterios ; dnrhiij; w]ii<-1i, 1 arrived at some remarkable 
results, whiel^ I then conceived might probably be advan- 
tageously a])plieat)lc*iii the formaliou of lhat peeuliar class of 
electrical apparatus. Soim> of th(»se residts I publi.shcd in 
the year 1830, iu a j)a.m[)hlet entitled Kxporimental Re- 
s(xirehes iu Galvauisnq Pdc.ctro-magneiism, tkcC'" Since the 
time of my pamphlet making its aj»pearance, some of thoNO 
results which I des**ril)ed iu it ha\ e becoim^ a\aila])le iu the 
harnls of other experimenter^, and some others have eome 
into general use iu almo'^t every form of voltaic battery.f 
There are, however, discoveries which I then made and iu- 
teuded for the. second part of that pamphlet, and as they have 
not yet been met willi by others, nor iu any way made public, 
only occasionally at my lectures; and as they appear to be of 
soiiie importance, whetlior viewrM as tbeoretiea.1 or practical 
data, I >;euturc to give them a ]>laee in this memoir. 

235. In the pamphlet already alluded to, I have shewn, at 
page 14, that Vhen two similar pieces of iron are placed, one 
iu^eaeh of two strong solutions of uitrie acid iu water, of 
dftFereut degrees of strength, having a bladder partition iiotwecm 
them, they formed an active voltaic pair. A ga]\ anomctiM* 
with a heavy ueedh', four inches long, supported on a pivot, 
was em])loyed iu these eNi)erimeuts, ‘"and tiie needle woii'd 
fre(pieu|ly stand at an angle of 35 particidarly if the stronger 
portion bf the acid solution be not very fei'hle, and the.-e 

* 'I'iiis patnjtiilct is jMililislu il by Slua‘'vo«ul, (Tillu rt, ripi v, IXitcrn.' :ti r 
flow, n«MJCloU. • , 

t fn the punpblot alliKliMl to, I poiutnl i»\it a»«l bv yoiuiusive 

expchmcuis ilu' MHu-riority tif rolU-d ziii*. iwci* cast ziac, ia avrani’o- 

mcTita. ‘ * • 

\"oL, \\ — No.*2o, August^ 1840. Q 
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oiieriilos s«\oni to improve with nn i!icr<‘;ise of ;u'id tit tlial 
portion of the fluid/* 

•2:U). At pnij;e 45, of tlio same wa-rk. (pava;>:rnph 40)5 tmder 
the head iron ami iiitroii.s tiei/i/' 1 ha\ ^hewu that, tlie 
electric relrdioiii? of the two of ]K>iislu'd iron wlien 

])laccd in two ])Oi'tiou.'S of this v^ ry ditii'i'i nlly dihded, or 

the one piece in the acid soh'.lion aird the oilier in water, are 
precisely of liie same (diaracter as ^^hen the nUrlr is employed ; 
hut the elec trical eneryies dis[)la\ed are moie eneryiMie, 

From tlie facts dis<*overed in these ( xperinamts, 1 was 
led to construct a compound hatlery often small ])air- id* iron 
plat(?vS, in wooden cells; each (*ell heiny; fuiausljcd willi a 
hladiler jiartltiiin. 4. he iitm which ('cmsl II ute<l vdiat I iiave 
called a v/as, howevi r, uiortdya sinyle j)ie(*(', i)r lony; 

strip, which, hy beiny heui in the middle, was easily ;uie:])tc(l 
to unite two trouyhs : one in’ its ends lu^iny* i!nnu'i>e<l in i1h' 
sirovf/ acid solutioiu and the otner (‘ud in the /i^r/^/cacid soiu- 
tion of the vii'inal trough : and so on ihronylumt the scries. 
\Vith this battery t (‘ould (let'ompiose ewater, ignite? metals, 
charcoal, tS:(!. to a c(*rtain vk\{^aX as di'cidcdly, as by any 
voltaic battery \vhalc\ cr, : hut r^s its clietnicai and caloritu 
powers did not meet my expeetation, I proceeded no farther 
with it, I (iiscov(*nMl however, that iron helil a more edevati'd 
rank amongst the metals when associaUxl with amalgamat(*d 
zinc, in voltaic! series, than Iia<l ever been notic'cd hy any 
other experimenter, Imhaal, at that time amalgamaied zinc 
had never been cmploycMl in voltaic batteries, ('X(*ept in a 
semi-lKiuid form by ^Ir. K(‘rnp, an ingenious chemist at I '.dui- 
burgb. Sir Ilumjdjrev 1 );uy lirst noticed that amalyamaled 
zinc acted better than ])Jire zim* when associated with (*oj)per, 
in a single pair; hut I helicVe that the employment of amal- 
gamated roilx cl zinc origiTiated with my own cxj)erimenls F 
and I forimvl conij)oun<l batteries (d* cylinders of zine ami 
copper whicli worked exceedingly well with dittited sulphuric 
acid, 

25<S. r discovered also that east iron and wrought iron per- 
formed very diflerenlly in voltai(! combinations with zine, tlie 
cast iron forming the more energetic coinhination with that 
metal, especially wlnm well arn;JgaTnated- I dist ovored nun'c- 
over, that amalgamated iron holds a higlier rank than either 
east iron or wrouglit iron, wljieu vrdtaieally assoeiitted with 
zinc, and that, therefore, any traiisforenec of mereury that 
might occur from amalgamated zinc would rather bo favorable 


Zinc may be easily anialju^aniated by first, iinnu'rsino: it in dilute sul]>liuric 
tlieii in mercury. See p. 4\, »f niy paini»h!et. 
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to Uio artioij, tlian otfu'rwiso, a (*ir(Muust;inc*e so cliamclricrally 
opposed to that wliich (M-otirs v/illi ani:ilij.'inuirod oopper as to 
pivo a t>ndoron<:o to iron over that niotat in soltaio associations 
witli ainal.irainaUM! zinc, cs})cciaI1y ulicn excitation is carried 
on with <liliit(‘ snlj)lmri<* acid. Irately I lia\c been induced 
to i'onstnict la^^('^ bat I cries of f*ast iron ainl ainalLoimatcd 
zinc, than I IkuI cvc'r Ijcforedonc, which, w illi thi'ir })ert‘onnanccs 
in th(' display of phcnonnMia, I will now dix-crihe. 

'Tile fir.-t battery r)f this kind, that f con.-^Trucied r-ince 
inv a]>])oint nient at. this Institution, <*<jnsist.s of ten cyLindric 
jars of cast iron, cacli S inches hi-li and ol inches diarne- 
t('r. witii tlie same nimd>t‘r of ainaleatnatcd zinc cylinders of 
the sain<* lieiyhr as tliC iron ones, and a!)oiit 2 inches diameter. 
I'iijeh pair of tlu'se metals is connected top(‘rher !)y means of 
a cnrv('<l stout c(.»ijpcr ire, one ciid of which bidng soldcn-cd 
to the iron, and the other to tlic zinc, as slunvn in li^/. 7, 
plate 1.' d'lu* zinc of om? p^rir is jilaced in llu? Irtm jar of the.' 
next, and ; ’ j on throuLihout the series : contact Ix'ing* [)re- 
Ntmted ))y di.-;.*,s i)^ i^'iilhoat d placed in the l>L>Uoms of the iron 
vi's^rk-. lirfoi-c any i\\a«lar or exact experiments wore 
cariit'd on witli this hatU'rv, a few trials wma^ made with it to 
an idea of its icrobai)U‘ powers ; some of which are tlie 
foliowiin.r : 

210. llrjutrimenf J hen six ]>airs ere arranged in series, 

and charged with <liiuto sidphurie acid, the j)t)!ar wires were 
pro})erly couucc'tcd with an oUx t ro-gasonietcr, wlu>.sc terminal 
platinnm pilaics are 2] incheshigh, aiul I -] broad: conse<jueutly - 
exposing a surface of upwards of 1 1 sipiave inches to tlie acid- 
ulated water! in the inslrinnent. d 'he tevminaks gave oiV 
2 cubic inches of the nuxed gases per miniite. 

2U. ?it 2.— I3y aiKling* two other pairs to the 

lasr serif's, and arranging; 4iie wlioU^ in a series of 8 jKiivs, the 
terminals in the eiectro^gast>uii‘i^‘r liheraied cubic inches of 
the mixed ga*e-» per ininut‘X d'he above results were obtainixl 
several tiuif^s over, and, in some ca>es, after th*.' battery had 
been in action for more than three ipiarters of an hour. 

242. JCrprrimc/it d. --ddie electro-gasometer was now laiii 
iiside, and the caloritic clfects of the eight pairs in series wore 
as follow : — , 

Charcoal gave out a small star of brilliant light. 

One iiicli of copper wiie of an inch diameter was fn<ed. 

Four inches of do. made white hot. 

* 'This fii^iirc will alsu .'ip])tMr in pl.itr t, wbifli >vill a!st» i’lmiCiui ■stvoral 
other tiiriuvs ilhislvati\o of rertaiii parts of this nu'nunr. 

f *rho iu the elcctro-gasomcloi* wash water, an»l ^ pulphuiic aciil, 

hvuifasurc, * • 
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Eighteou inches of do. made red hot in broad day light. 

Eight inches f»f watch main s))ring was made red hot. 

Two inciics of do. made while iiot for several successive 
minutes.*' 

243. Experiment 4 The iKifctory had now bemi in action 

more than an lioiir, and its (U‘(a)inposing powers were again 
ascertained to be eciual to those eKhibit(‘d at first, the torinhial 
platinum plates still liberating the mixed gases at th(‘ rate of 
7 J- cubic inches per minute. The voltait' ^.eries, on this occa- 
sion, was not extended hevond eii»ht gairs in consecjueiuaMif 
the other two iron jars being leak}, and could not he used 
until the fissures were n‘paire<l. 

244. Experiment 5. — /\s the exliil>iti()M galh'ry of this 
institution was shortly to be opimcd to the jiublic, I way 
recpiested by sonic of our dina tors to try if this battm-y could 
be used to illustrate the explosions imuh* by (.‘olom*! Parley 
against the wreck of the Koval (Jeorgi‘. k'or this purjiose, 
the series of eight jiairs was furnislual witii two conducting 
wires, 200 fei^t in lengtli each, innking«a circuit of 400 feet 
long. When the farthest extremitit's of these w ires wm-e joined 
by a thin [ilatiuum win*, the latter instantly became red liot, 
which left no doubt of the calorific pow(‘rs of the battery being 
capable of exploding gunjiovvder at that distanei.* ; but as iu» 
preparations had been made for trying its .;alorilie ellects below 
the surface of a body ol' water, uotliing farther w as done at 
that time. 

24.'). Ejxpc/ iment 0. — On Saturday afternoon, the 30th of 
May, some of our directors and a few other gentlemen, nn^t 
in the gallery, and it was jiropused to try tlie iron battery 
again : and as the two leaky jars (243.) were now repairetl, 
the wliole ten were arranged in one voltaic s(*rii‘s, and charged, 
as before, w ith dilute sulphuric ackl. 'J he elect ro-givsouu‘ier 
which liad been used in the former experiments, (240.) having 
been broken by accident, another, of much Jarg'er dimensions 
was now employed. Its terminal metals consist of two sheets 
of thin platinum, exposing about 144 square inches of surface 
to the acidulated water in the apparatus. !' When the ten pairs, 
in series, were pixjperly connected with the terminals of this 
instrument, lb cubii* inches of the mixed gases wa*re liberated 
per minute. In the course of about eight minutes’ action, the 
rate of decoinpositiou sank to about 13 cubic inches per 

* In lilt* short desrription of tliia battory 07 (»f this volmno, I 

hare '<uid that 10 pairs wen* used to ])rodu< t* llicse oalorilic elVects, hut I find 
by my notes that only eight pairs were used. 

f This cleetro-ijasometer is that which was used with JNfr. Grove’s battery, 
at the noyal Institution of Great Britain. »See Annals of Electricity, voi. 4, p. 
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ininulo; ami after a qiiail-or of an lioin’s action, 'it became 
reduced to about 1 1 cidjic inches per iniiinte. 

24ti. Kxpvrimcnt 7.- IbTparatinns were now made fur imi- 
tating^ tlie’^hlowiiiLi-uj) oflhe Ivoyal (Jcorge/ but as'no water 
could be let into the basin (d‘ tbo canal in rlie exblbitlou room 
of the Jnstitrdion, in couMMiinmci' of the paintf'rs l)cing al work 
in it, wc had recourse to a \ery bumble, and to bonie per- 
sons it will appear, a most ridiculous substitute; viz., a bucket 
of water. ()ur cliareo of fjimpowdiT was the same as that 
used in tlu' Polyteciiic Institution in Loiuion, beiiii** furni-hed 
w'ilh a, stock of cartridi»'<‘s, from Messrs. Watkins and Hill, 
(Vl)arin^' ( ross, which had i)een made for similar illiistrarioiis iji 
that institutiem. The bucket id’ water beiim- pkn i'd on the iloor 
of the lecture room, atid oii<^ of tin* eN:tremiti(‘s id’eadi lorjfr ('ou. 
ducting wire (2 1-1) being (wi-'tiMi to the wins of the cartridge, 
the other extri'inity of oin* of tljem was attaidicil to one pole of 
the l)attery, sihiatcd in the j)as>age outside of the room door. 
When the word //Vc was given, and tlie (urcuit compltled bv 
Mr. llrookhouse, \^hd stooil bv the battery, with the other coii- 
iiccliiig win*, tor that purpoxg the most singular plicnomeiion 
occurred that w*as ('ve'd)ebclil l)y any of the party present: 
and certainlv iuie which noiKi of us had been led to e\[)cct. 
The (‘X])losion ol' (he cunpi)wder wasaciumipanied by asiniul- 
taneous perpendicular asetmr of both bucket and water into 
the air, wliere tlu*y seemed to rest, for a moitient, at an alti- 
tude of almutbi feet above the Iloor, wlieu both ftdl, and the 
greater ])art i>f tbo w'ater spilleil m the Iloor. '.rbe singularity 
of this anlick of the i)ucket. produced an elTect on llio l)vstan- 
ders more t^asv to imagine tlian describe : every otic involun- 
tarily burst into an immodiwate fi^ of laughter, which bei-ame 
inor^'and more excited as t'acb person deM'.ribed the Iiulicrou?)- 
ness of rtie o\eut; ami the consternation displayed by the 
two servants, v'ho wen' prestmt, in finding mops, l.iasins, and 
other paraphanialia, with which they wa're not prepared, for 
taWng up the water fnmi the room floor, adtled no little to 
the burles(|ue eharacter of tlie scene, llowi'vor, the two men 
wx‘re very ai'tiviu and in a short lime the most of tin* w ater 
was in the biu'ket again. 

247 . Expanmnil S. — Wheirthe elTeet of tlie last hhnr-up 
had sutrieiently abated, om* of our directors proposed tliat the 
experiment should be repented, in order to ascertain how high 
the bucket and water could be raised by a second expli'sion. 
The necessary preparations being made, and chairs, forms, 
tables, &e.., being removed from the vicinity of the hm'ket ; 
the glass cupboard, in vvlfu h our splendid elect ri^ al machine 
is placed, being guarded bv cliairs, forms, against lli^ 
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cficcts of splinters in ease of the bucket giving way to the 
forck^ of the powder, and the faces of glazed pictures turned 
to tlie wall, &c., the cartridge was sunk in the water ; and on 
the word //re heing* given tin* ('Njdoslon aga/ni took place. 1 he 
bucket jumped up to the lu‘iglu of about d.V feet from the floor 
on to th(? le(*ture talde, carrying with it only a small portion 
of water, tlio r(*st !)eing scattcre<l about iu every <lirc('tion. 
The servants, v lio were prepared, on tins (tccasion, <o tak<‘ up 
the water from the lloor, M‘t to Vvork witli great alacrity iu 
hopes to he (Uiabled to rcjilace the greater part, of it in the 
l)iick(.*t in a few minutes : but observing, aflei* working a sliort 
time, lliat witli all tbc'ir cdlorts llu»y were Jiot le.ssening tlu' 
water on the floor, om? r»f them hacked tc» see how iimcli had 
])Cen Coll(*cfed in the bta k(d, ami iimneiliately called f)n<, rliat 

tlu' b(»ttnm was blown out !’* Notliing better than this news 
ciuild possibly bav(? ba])p(‘iied, to give inerc'ased tension to 
the already excited risibility of the cnm]>anv. 

218. The <*ause of tlic l)ucket and its wattn* jumping up 
tog'ether by tbc first i»X))losiou, may ])r(;l)ably b(' traced to tin* 
sudden reaction of tbi^ floor agahr-^t the bottom ’of tin' bucket ; 
which reboiiud(*d with a force nearly eijual to that with whicli 
the wat(.’r was blow it upwards, and lieiug iu the same direc- 
tion they kept pace witli om^ anotlun-. 

211). Espirunenl D — 'Hie I)aU(*ry had now be(Mi ebargmd 
more than an lioiir, and its decomposing [towers were again 
trieil with tin* saun? (‘lectro-garmneler as last nsi'd. l^’rom a 
mean of several trials tlu' liberated gases amounted to more 
than 10 cubic*, inches ])f;r minute. 

2r)0. Siu'ce tlio a})pearanc.(M»f luy pam])b!('t in l^gn, ex])eri- 
incnters have tiuucrd tlieiv atteutiem to the improvement of 
voltaic baftcu'ics, and several kinds have licc'ii invented, each 
of which has its jioculiarilies, and, for some [n’oeevsse^S most of 
tbenn liitve a great aclvanlage ever lliosc^ pnwicmsly iu common 
use. It secMiis ratlic'r df)ubtfid, liowcwe'', irom the fac ts 
hitherto iu our possession, that w e shall cner discover a h rin 
of battery capable of exhibiting evc'ry class of electric pb(?uo- 
mena to the best advantage, it is true that with the command 
of an cxtc'iisivo series of umvaliN; combinations or pairs, wo 
can arrange tlicrri in groups, cx' in scries in a great variety of 
ways, and thus b<; enabled to modify ihcdr forces so as to 
become advantageously available for the disjilay of the elcKdro- 
magnetic, elec'lro-chc'mical, and the cdectro-calorific class(?s 
of phenomena; hut for the display of the purely electrical 
phenomena, such as the .attractions and repulsions, and the 
charging of coated glass, the original pile of Volta still stands 
pre^oininent ; and amongst all the forms of battery whicl;^ 
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have hitherto nnule th(‘ir appe.aranee, that of t’ruictksliank’^* 
is the only one whieii ean he JHiv:uit;u»roii>]y employed i frir 
purposes of this kii\d, ami fur uiedieaL treatment it -eeiiis better 
adapted than any other. 

2r>l. 'J'lie batteries severally inve nted by (hrove, .nel Smee, 
are iimpn'st ionnbly about the, mo>l {xuverful now noieraliv 
kiiovNU for eontiuued action in tin' eha-lro-nrimietie, t‘h‘eVrr)- 
elumiical, and (‘h‘ei ro-ealoriiie depaii nn^iits ; her tlebr 
price alniost preeiude< tlu'ir iM'nrral e}nploy!;i,vnt anu»n;j-t 
i*xp(‘riinenlers, exeoj)tine in sneh ea-t as v. lieia* iujirb nf 

an iir-titut.ion are at (•<iniUKnni. .* Itanhll ; baitoi\ 

is alrso so eonstriK trd a- t<» rcMain i«s ] < ‘.ver> ni Kui for a 
long time IxU uide^-s of i;in.o; di e.-n i - eiiie/jb* 

<'al, iuagnv‘tie, ;\e.d < aluritie oo'wers, ;:/e fo th* '’O of the 

Ibnma* two batteries. ]5esifi<\'? llie ti;s { c ( ( d* ( i ro< c’s aiul 
Danieirs l)atteri»s, theii' i- a <outinniil eiirrorit exi)i:iiso 
attending tlu'ir prej^avabion ;uh^ ii 

ment. t<.> Mhi 'b .'^biiee'.- battm\ n»U :oibJeet : Ion* diiiUed 
snlnliurii* ac id be'yig, the t i)iy Ik; d, and having n<> 

dia.pliranis bet^w*en the inetaltf. the exeitculon is cn eoinjtlisln.al 
at a <'iieap rat<', and is not c'eoriph<-:i!eil ].y a]»|)i’n<lagos 
wliieh are (‘XjHMi five ni e\i‘rv form lhc>y have liitherto 
a^sunnab not only in tirsi juna ha of the baiaer\ , hut 
by tin' frecjiumt, vem‘v>*\l of tho,o' wh'n h heeoine diOstrt»yod, 
and the tinio ne(*essarily riajuired for tin.-lr preparation. 

'2i'>'2. ]\ot wit hstamling the adivantau<‘.’ ohtanu d hy tiie great 
siipi'iioritv ill the aetion of the modern bnajis of battery over 
that exhihii(‘d hy tliose iin anted vespeelividy hy C rniekshank 
and Wollaston, i)ut verv litile semiv^ to have been done towards 


aseertaiuing their la'cil eapahilitles. as to the most advantageous 
display of the several classes of phemomena to w lu{'h tluw are 
hesi*adapied : heiu'O it is, that their full powers are hut little, 
if at all known. It is thus that an iinptuTant iiupiiry is still 
left iintonelied,*w hii'li may probably reveal facts of the highest 
interest to this department of jihvsieal seieuee. ^loreo'.er, 
ai^ tho employment of voltaic batteries has now become \erv 
extensive, not only in investigations, hut iu the daily illustra- 
tions at this, and many other similar institutions, and is likely 
to he still more extensively gniployoil, both iu military and 
civil engineering, it is obvious that a cheap efrieieut battery, 
with the inode of couducling it to the he^t advantage, are 


deshlerata of great luomont to the practical man wlu) niai 
have occasion to avail himself of the advantages whieli siu ti 
an implement afKoitls in the daily processes of his protes.-ieual 
avocations. But an investigation such as is Ix'st cnhiptial to 
reveal these important fat'fs, would reijuire tin* eonunany ot 
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every kind of battiMT that appears likely to be adapted for 
geiferal purposes, to ^vlli(*h sueh an iin])le]ncnt" is peculiarly 
applicable : and altliough not much skill in manipulation 
would be absolutely essential to sucli an undertaking, the 
recjuisitc series of experinnnits would he. somewhat (»x[)ensiv(*, 
and could not be conducti'd without a considerable occujiatioii 
of time. 

253. The batteries belonging to this insiitution are the fol- 
lowing, viz.: — (h'uickshank’s, two trough.^ of 5d pairs of 3 inch 

plates each Wollaston’s, two trouglis (d’ 1 0 pairs of 4 inch 

plates, with double coppers eaeli. --1 )ani(*irs, 20 copper eylin- 
dric jars, 24 indies high and 4 inches diameter, with amal- 
gamated strips of rolled ziin*, in hempen hags or fliaphrarns. 
Grove’s, 50 pairs of 4 inch platinum ]>Iates, with doulile 
amalgamated zinc in porous pots lor diaplirams, Dcsidos 
these, we have 30 of those cast iron jars, with their 
amalgamated zinc cylinders already (h'serilxal, (230), and 20 
pairs of copper and amalgamated zinc* cylinilmv, in porcelain 
jars. I have availed myself of the use of tjiese batteries, and 
also of one of Smee's eoii.struction of twelve jiairs, Avliich, by 
the kindness of Mr. .loseph Ixx'kett, ha.s been pUictxl in my 
hands for the purpose of eomjiaring their jiowiu's in the display 
of the electro-eiiemical, electro-magnetic, and the elect ro- 
calorific classes of phenomena,. and for ^ascertaining whi(*h kind 
of battery is most likely to become more gmierally useful, both 
as regards economy and facility of mauijiulation. 

On the Chemical Powers of I'oltaic lialtt ries. 

254. Tlie ('hernical ])owers of our modern batteries have, 
hitherto, been tested in no oth(‘r way than by the decomposi- 
tion of acidulated water. "This circumstance may probably 
be owing to the great facilities wkicl) are afforded hy,o}>crating 
on ibis coiTij)ound, and the supposed (wacfjtrss of the results. 
In point of pr<!paration and manipulation tlune can lx? no doubt 
of the superior facilities for the de.comJ)o^i(ion of water, over 
that of most othi^r bodies ; but notwithstanding the facilities 
thus aflorded to experimenters, tlx? decomposition of water, 
as a test for the powers of voltaic batteries, ha.s led many to 
the most extravagant inaccur;ici<?s : and I am not aware that 
any experinxjuts arc? on record that have been directed to an 
enquiry for ascertaining the best means of arriving at a maxi- 
mum of decf)mpnsitiou by tlx? employment «>f any one of the 
several balt(?ri(?s which have hitherto been constructed, 'riie 
errors of a fashionable man, whatever may lx‘ th(» nature of 
his pursuits, are almost sure to lead those astray who have 
eitjrer no desire or no opportunity to judge for themselves, 
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a 2 id tlicre is iiol, pcn'liaps, amongst tlie numerous errors into 
which Dr. Faraday has fallen, one more eminently calculated 
to mislead the unwary experimenter, than the pretended ^accu- 
racy of the indications of an instrument, the principlijs of w hicli, 
he either neglected to reveal, orof which he had not the slightest 
knowledge. 'I'he visiauary vollaineter has been a favorite 
instrument with exi)erimenter.s, only because of their credence 
in the assertions of its autlujr, and some of them have rims 
l)een led into errors whic'h would otherw ise liave been av(.>i(l(Ml, 
amongst the records of their own discoveries. 

25o. If we wish to arrive at a knowledge of the powers of 
any voltaic battery in the process of decomi)osing w ater, there 
are several particulars which are necessary to be attended to : 
some of which will vary witii almost every form of batterv, 
wlrilst others arc commoii to all batteries whatever. 

2.VJ. The first essential point to be detennined is, which is lh(‘ 
most influential liody in facilitating decompohition when dis- 
solved in th.e water to he oj)erated on? rViul as that solution 
wliich facilitates deepmposition the most, in one case, will also 
facilitate it tlio greatest cixtent in all, whatever may be the 
form of battery em])loyed, the determination of this point be- 
comes easily ac-coinjilished. A solution of sulphuric acid is now 
generally plau'd in connexion with the plaliiuim terminals in 
the decompo^sing apji^iratus : and I have not found any other 
whieh facilitates decomposition to tlie same extent, when the 
water is to the acid as about 5 to L Tlio mixture ought to 
be made some hours prior to its being placed in the apjuiratus, 
otluM’wise its lioat will soften the cement so as to give way to 
the licjuid pressure, and become leaky. Whatever ma\ be the 
real character of the aetion of bodies whii-h facilitate the decom- 
position of water ;---wlicther it ke a mere mechanical >epara- 
tioTi of Jts particles, whicji makes them more as.^aihible to 
the eleclrie fimees :-~an improvement in its eleetro-coiidiic- 
tion, and thus permits the introduetion ami e.o]ise(]ueut flow 
greater cpianlity of electric fluid : or whether it admits of 
an improved electro-polarization by an association with tiie 
particles of the dissolved body, remains a. problem, for whieh 
philosophers have not yet found a solution. 

2b7. The second consideriyiou is the distance between tliv‘ 
platinum ferminals in the deeom|)osing apparatus, which can 
hardly be too small, provided they do not absolutely touch mm 
another. This is a fact generally known, and lik(’ the foniw'r 
particular, a[)plies to all batteries whatever. 

The third thing to be determined in the dee(>ivjH>-'itiou 

oj water, is the size of the terminal metals in the deemu})osij]g 
a|>paratus; for the extent of decompoMlion vwH varv.^very 
\oL. V, — No^iHi, August^ 1810. 1' 
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consklerably ^\lth terminals of difierent extent of siirlaoes- 
Withdeeble batteries, it is necessary to conc(Mitrate the elec - 
tric force to a mere i)oiut before any dccomj)osition of \vatcr 
can bo accomplished ; hence, in such cases, short lliin plati- 
mtm nires are prefeval)le to terminals of larger cllvnenwions. 
Tlie decomposition of water, howc'vt'r, Is not llie lu st tc- t for 
ascertaining- this law with precision, when the iiitenslty (jI tbo 
battery is verv fecl)leo Perhaps the follow ing (‘Aperiment n ill 
answer as well as any. 

JiL — Far»pioy a battery of (me ])alr only, ol 
small dimensions, and h‘l tin' licjuid oj)eratcd cm be a strt>ng 
solution (jfsidpbate of co;)]>er. Pet tlio teriniiial metals l)r sheieis 

])latir!ani foil of or i .'-'jnavo inches (‘ach : a!i(l immerse 
tluMM bolb- c.Hiij)ictch' in the i‘U]»erons solution. No deconr 
])osltion is ])e’ccptiblc, e^^Ml thougli tin* ('(»ini.oxion:> be; coji- 
iinued for more tbaii mi hour but a galvanometer pl.U'cd in 
the circuit, indicates tlie exL-te'iu/e of a current. Pet, r.ow, 
th(; iicgalivo terminal be t;iinm out and wiped dry, and then 
imiiun.'i.e onl\ one' of its (‘onicrs in a few mimites lln^ in)- 
iiierscd corner will be e<‘V('i-ed with u) d '<'o}'»i)e^*, indi- 

cating dc'(*omposltiovj by the bnee r.i (he, c'(?necmtralcd currc'Ht 
at that point : but tlie gahaiun^u'ter needle ic. ba ate- a nuich 
t‘e('b!('r general currimt than when the ])latl)n'm. palate was 
V. holly immersenb Hv iimiiersing.tlie C{?r})er of the* pls.tinuiiK 
; ‘liiinal to dijnnenn' depths in t))o solution, l!ie ('xact amount 
.)( :n'‘?-dlie surface vvliic li just, a!h>vvs of de^/oinpo: iti(sj, ma.y 
1 m. di. c'overed. And it will be found, in all. cases, ihai as l]>e 
i'.nmm-sed suvhiee inen ase.-, the. magnetic. d(‘th‘( tiou.'^ iiierease 
cdM! IlencM*. it becomes obvinus that the powi'is \vi)if‘b siu'li 
feeble ; un*ents exercise on ainagiu'tie lu'edle arc^ no indieation.s 
of tlie chemical powers of die liattery ; indecs, indc'ed, we 
lo(»k for [}Hi o):e as the reverse' of llni other. M lu'ie :\v^ sc'Veral 
inli’rt'stlr.g f.iets on tins nice suhjcci ; Imt a * the princijial ob- 
jeci cd‘ tlii:> nn'inoh; i.. to investigate the jiouf rs of th(' most 
formidable batleri :s know n, 1 shall not tlw'cll upon them till a 
future opportnuily presents ite^clf. 

2^)0. ''Hm fourtli point to ))e dotennlncd to eficet tlio maxi- 
mum of deeoia}H>sition (»f w;iter, by voltaic electricity, is the 
2 )roprr extent, iff the voltaic sericr^ or of llu' proper unit of intrn-- 
sHy of the batt(;ry : and as the intensities of ditfercnt batteries 
w ith the same extent of series, diller verymueh from eat hotlum, 
Iho determination of this point must be of great interest to ex- 
peri men t e rs g^on oral ly . 

2dl. Having now pointed out four grand part.ieulars to be 
attended to for obtaining a maximum (lecomposition of water 
l>v; v/^ltaic electricity, 1 will next jinn ecd to describe the 
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vt^bull^ of a fov/ series oF e>:))ej*irae.nts wiilutii'.'. vari-jiv 

kinds nf batteries aha'iifly n(»ti:*(el. 

I'ablfi of F.rpiii on iLc Dt vornpr^/tf of 

rf/rions AVv/e.y r;/* Prof ysor Da/tfi'hs J'oltn'n: lintLary 
n'iiJt the I fco F.N.rtro-^t/fistnurln'i: dffsc/'lht (Pn ( j 



2\)2. lliieii ef Lhe ai)<>\c gilnilaUMl rviilts is lin? nu'an o: 
•s:\i.‘ra! Iriai' r liie;, lUiMi.-h iis v, iili a r(‘ ui r:\e ;r-if of 

hilciisilif, (d lins knnl .Ji I);»! [erx , \vhie!i t>b\ irni'’y t ind' ::I’»eu 
b\ a si'rie^or pTiir?, A’.ni aitlioueii ilie dec vn're.-'! i./n l^v ar 

exrrnsive !>altery, would noi suiler by < inedj;, ing 

:{ sevie-; of eillior (i or»7 i;airs, yet any -erlt's ab«;Vi» ■ or below 
o, would be at'ti'iuled witii a erei i iv tl'e ipauitH j of vle- 


eonipovition in a eiven liine. 

’Jd^\ Anotiier c-'seniird feaUi *(' in i.iee.' re/nlis, i? in ila: 
(juaiHitles liberal lal l)y t!io dirterenl '^i/aal tevuiinab" : llie 

iaraer ones invariably j>ro(lueine' ibeurealer tjuanniy-T^ 

In anotlier series ot exjHn*neerns widi Mr. Ibiniv^s" 
baiiery, and tlie I'b et ro-.;ason'.r ler v irb the bvreor \nates (’243), 

! oblainecl 10Veubi< inel'ee of tlie iviaed ee-' es per ’luenuie. with 
a Si-ri(*s of iO [jairs : and with i-o\ au' .'^erie'', the rate v.i deeoni- 
|) 0 ^itb)n was n-ear!y ]>n.p{)rtional to ih:;! in i lie aJoove ta’ole ; 
iliiie indieatiinj In- i^otli ^ete of exj>erin;enrs, that liie pixiper 
unit of intei^>-iiy is ;i series of 3 pairs : for by employing 
t!)e ten ])airs in two series of 3 j>airs eaeb, I obtained aboNC 
enbie inelies oi ib.e «e'.ses per minute. 


2(»3. Table of Lxperi nicdis on thv l)i compost I ion of IVatt }\ 
Inj various Series of l oUaic Pairs of i'ast Iron ato! amu/ya- 
muted ZinCj as described in iHirayraph ( 2‘M\ J, 
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2(J(). 'I'iu* firtst thing to ho observed in this table, is the supe- 
riority of action by the large terminals, over tliatby the smaller 
ones ; and in a much greater dc'grec, than by 1 )anieirs form 
of batter 5 \ 

2(i7. The next thing to be observed is the ra])id increase of 
tlecompositiou, by an increase of the voltaic series, even up to 
ten pairs ; by vvhicli we uuderstauil that the whole in one 
scries, is much more jiowerful than in any other way we could 
combine them ; aiul it is probable, that by exteiuling the 
series we should discover that the jiroper unit of intensity, is 
considcrahlv creatcr than that iriven bv len i)ai) s. 

•JO’S. Tlio a’hDve results \V(Te liy the <*rnpluyinout of tho lirst 
tcii {)airs, ot* this kind, thnt wore oonst meted ; but since tin* 
hint' tlu* nl)ov(' experniinionts were iiuide, I have o!)lained 1?2 
ciibir inclu's of tlie mixed irases per ininut(^ with tlu' 10 ])aii\s 
in .>^eries ; I lia\(' also «:nt 20. new iron jars cast; with 10 
pairs ot whieli I have obtained 00 cubic inches oi* the i::ases 
in four minutes action; and I am in hopes of arriNing at a 
still <:n‘at.('r rate of deeouiposili{)ji, Inafl cases with llie iron 
batteries, tlie decomposition has inon'asi^d rapidly n{) to ten 
pairs in series, indicating that a still higher intensiiy is re- 
quired fur the most advantageous unit lyf intensU y, 

209. Table of E rperbnents on the Drcmhposilion of IVatcr^ 
by various Series of Tollaic Pairs^ on the principle, of Mr. 
Smet s liaftenj. 'The FAcctro^gasometer^ with large Terminals^ 
( 245 j n:as the only one employed in (his series of experiments^ 


. c < iil'M* Iin’lu's id Ciilsfs Ji)i. i«! 4 i| m Oi;*- 

N'l, of I'.iirs lU , mt , .« I M* 1 

I MtJiul** w nil hn>j» IciiniJiiil'*. 


y I Sitarc’^ly {leicfpliMtj 

0 .. I>m«» 
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270. I f we look to the rapid increase of decomposition from a 
series of b jiairs to the series of 1 0 pairs, wc are soon con- 
vinced that to employ a series of 10 is more advantageous 
than any series below' that number ; and it is very jirohahic 
that the proper unii of intensity with this battery, as with the 
cast iron one, is considerably above that given by a scries of 
10 pairs. This point, however, must be determined by future 
expeviments, as I have not, at present, more than 10 pairs 
at' command. But the experiments detailed in the aimve table, 
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will be a siiffieieDt guide, for the present, for any person em- 
ploying no more than 10 pairs at once, becausc3 it is ob.vioiis 
that the decomposition of water will be accomplished to the 
greatest extent, by employing them in one series : which also 
appears to bo the case with the cast iron battery. 

‘271. Experiments on the Decomposition of Jfater, hy 
various sf rics of roUnic Pairs^ upon the principle of Mr, 
Grffves Butt fry, Phe dcromjwsinfj apparaius with the 
larya terminals was used 245. 


\ii 1)1 Hi , - T I i M .. . 

I < Mill)' IhUi-'- ‘.'t P' j 

.WiJtS. j * 

• L' ' Sciir. U ;i.iy. 

M <» 
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272. From the results of thi.s sorio.-i of F^xpcriiuoiits, it is ob- 
vious that the 10 {)air'! in scries produce more dccompo.sition 
than by any other combination of them ; and it is probable 
that a .still more extensive serie.s would be the proper iinit of 
intensity for accom|)lishing the maximum of decomposihijn by 
this kind of battery. Mr. drove has, 1 believe, constJ^Tl^ 
employed his battery in series of 5 pairs only, which seriw is 
obviously too small, and occasions a considerable loss of 
decomposing power. 

Suppose, for instance, that a battery of :50 pairs wore to 
bo used,* in six series of S pairs each. Then as .'> pairs give 
1 1 cubic incluy of gas, r» x (i=30 j)airs, would give b N 1 
cubic inches, lint 30 pairs in three series of 10 pairs each 
w'tnild give 24^-72 cubic inebes of gas, which is six cubic 
inches more than by Mr. Grove’s mode of combination. 

274. In order to compare the decomposing powers of these 
batteries, it will be necessary to ascertain their relatii'e me- 
tallic surfaces exposed to the exciting media. They stand as 
below for each pair : — 

Daniell’s ----dbO s(piarc inches of metallic surface. 

Smee’s .,.“-192 do. do. 

Sturgeon’s— 1G2 do. do. 

Grove’s ...— 104 do. do. 

275, 'rims, by assuming Mr. Grove's battery as the niuwtf 
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surface, anti also the standard (»f dccoiuposiuf^ power, we bliali 
have : 


104 

Cas. 

-iri'lal. 

< liis. 

24 

( f rove's 

l()2 

25 : 

: ) 04 

MxS 

St.nrg(Mjn 

192 

15 : 

: lot 

s-1 

Smcc's 

3(;o 

12 : 

: 104 


Da nidi's 


Hence it appears, tliat it the whiile of tlio batteries ex- 
posed precisely the same extent of metallic snrhice to the eNist- 
i\y^ !i([uul, that invented by Mr. (irove would have a d<‘cided 
prefereiH'e, and Professoi- Ibinieirs butlery wouiil ludd bnl a 
verv lo\v rank in point of rleconiposi?'”- power, SPaf, if v. <* 
view tiunn individiiallv acconiiii'’ to their ri‘S|>ective siz('s in 
which ihi'v ha\e been employed in tlusto ex]:.crim(Mitr , then 
their maxinmin ])Owei>; that 1 lone obtained, will stand ibus : 


Sturgeon's .< 

25 ( 'ubic iiudies 

of L»‘ 

as p'CM* limiute. 

Ciru\(‘'s 

, . 2-1 do. 

do. 

Smec’s 

15 do. 

do. 


Danieirs 

12 do. 

do. 


7* The next 

consideiMtion is (he 

C{>sl 

of tliese b:jft 


both as relatinL'^ to the ^Jr^t ]mri-hase, and the < urreni e\pen.^e 
')f koepin^Mliem in action, d'he pri< (? idN en for I’J jaiirs of 
Sinee/s construction, ?dr. riockell imonll'^ me, was I'dxX 
.llen^^’-tdlie price of 10 pairs Mould bi‘ los. x -d’ln* pric(^ 
of 1 ) pairs of each of the oilier kind ol. battei ies is. Clr.ive s 
— Danieii'.s X<i Sturgeon's ,.£3 I Os. 

27^^. d'h(‘ exeitation is earrhal on by about the :=nrner|unntitv 
of suphurie ackl in each battery ; and in Smee's, and the iroii 
batteries, no ot.ii(ir ex^miiM' is roijuired. Hut in Oionc's 
battery li Ib.s. of tluj best nitric *aeiil fur 10 pairs is nsial in 
addition: and in Daniell’s, about 5 lbs. of sulphate of cop- 
per, in addition to the sulplinrie acid, is nscfl for 10 pairs. In 
both these latter batteries, there are also diaphram.s \vl/i(*li 
are eontiimally fallin^^ into (le(*ay, whicli is another current 
expense attending these batteriixs. mercury employ<?<l in 

the amalgamation of the zinc, would be nearly the saine’in all 
the forms of battery hitherto dascribed ; but the time occ'upied 
in fitting up is very dilFerent indeed: ibe iron battery roipiir- 
ing much less time than any of the oilier forms, llcnu e as 
far as the decomposition of water is coneerned, the iron 
battery has a decided advantage, both in point of jiowut and 

♦ There can be no question, of this beintr a very extravagant in icc. as T am 
cjjnjjVent that it can be had fur less than lialf that money, either from Watkins 
anOllill, Clarke, Carey, Jones, Newman, or Harris. « 
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oconoray : and is so sirm)le, that it is nianageablc hy any per- 
son : and what is aiiotlan' point in its favor, It wV^rks ])est 
when ([uite rusty : and retains its ])ow'er a loner time. *d'he 
hydrogen is certaiiily an annoyanee, hot T have lilt upon a 
eontrivanee to remove il, whieli I shall de.icrlhe in ihe scMpnd. 

( Po he conliiiiiad in the iSepUtuher Number, j 


\ \ ll, —DescrJpfiou of <i Xe>r Pompt itsrt.i J^ndulmu , 

By \\iLia\M Ci\v>>:N A. M. 

C /■,’ t'l / ff* !t‘d J runt Si 11 ( nt a n ’.v . /o u rnol ' 

During the latter part of tlio past year, wliilo ('iigageH in 
soiTH' iin eT(?-sti!ie asl i'oiionii<‘al oiistn ations wliieh rcMjuired 
< i>nsi(lera.l>ie ;if‘enra.ey* it was indispensaJ)]*' to ]>ro(‘ure a time- 
lo'ejx'r whose rat(‘ wouUl not h*e r»lh'eled hv the \;iriarions in 
t!ie i emjuiret ra'(' (»1’ th.e weallier, to whicii all sueh maeliincs. 
oi oi'jliniir^, ( or.strvelion. are linhh?. d'he expensiveness of a 
ehronomi^te^' ^tliii'h eonld !>eVellev! nptm for snc'li a purpose, 
lamdertMl a resort. r»> .s;>:ne reiore (*{'.monii<'al instruuanu ile- 
sirahU', if it eonhl 1 k‘ tlrpondetl nj'.on. 'i'in» gridiron [umdulimt 
as well as ill!* m(*r *i:rial one. botl» (d‘ whit'h ha^e been designed 
io e{]i‘(‘t this oh;e(‘i Vrere foiuud unsaii'-faf'tory ; the lonner 
Irom the diliieiJry of proeuring ijn exact adjustnieiit of the 
diiilerent. rodr; of \vl*dch il is eomposed, io as to )>rod'jii.*e the 
desired rcnirtierlKdrou h:.v t.yp.n-;.i:v,ij and e<mlraetion, aiuyirL'* 
nn-nMiiial peuvluhuu pre;\ing upon expevlmer.t too sen.'iliv(?*te 
he ix'iital upon. Dnder these elreuiiiMaiae;-, 1 contrived a 
simple arrang(Miu*nt for a penduliun, ae*. lug \rpou tin' p.rineiple 
of tiu! lever, w liieh perhirnic'd wifli .vo miK'h aeeuraev the.t I 
have he('^ indiua'd to presettl it to the lU'tit e ot the readers of 
the American Journal, ])elieving it will mu prt>ve nnimerest- 
Ing to those engaged in sciontiliC iinestigaliou.s retpiiring 
gre#i uniformity of action in a time-kee])ef. The arrange- 
meut of the jjarts is so simple as to be readilv umlerstoorl by 
any skilful workman, ainl as it is entirely free for tlie ado])- 
lion of any one who may prefer its construetioti, I have 
prepared a tlesevii)tion and diagram to render it intelligible. 

Fig. T) plate ^1, shews the whole pendulum, tlu' d(Uted lines 
representing similar [)avts to those on the opposite side, and are 
introduced to render the drawing more easily uiidersiood ; 
a is a similar spring to that which is attached to ihe pc'ndnlum 
ot an ordinary eight-d.ay clock, and is lirinlv attaciu*<l to the 
pcvpcudieular brass bar 6. Through h there is the usnal 
opening for the guj-wiro, wdiieh give-^ motion to die ja'iidulttin. 
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This bar is firmly affixed to the transverse bar c eitlici* by 
riveting or soldering. On each end of the bar c there is 
attached a brass rod d, d^ and one incli from each of these 
there is also affix-ed a steel rod e, e. riiese four rods pass 
through the bar p, which is intended merely to preserve them 
in their proper position, and is attached to the two brass 
rods by a pin passing through both, while the steel rods are 
allowed to move freely througli the holes. Aty; a transverse 
bar or lever is affixed to </ hy a loose pin passing through 
them, and the same attachment is made to the steel rod e mI 
r/. This bar is four inches long, three inches of wliich extend 
from g to //, and a similar one is attached to the dotted rod d 
and extends on the opposite side. At h there is another 
attachment to the rod which is of steel, and which is again 
affixed to the bar 4. At h then^ is a permanent bar /w, which 
passes through the weight o, ami has the UMia.1 adjusting 
screw n at the botl4)m. 

Siipposc that by an increased temperature of 
‘20 , the steel rods c, c, are expanded in length of an inch. 
The rods rf, rf, being of brass, and a small tVacilon larger than 
the steel, will expand of an iiudi by tlie same increase of 
temperature, it being an established theory with the l)est 
French chemists, that the relative eflect: of the tem)>erature 
upon the two metals is as 3 to 5, or nearly double the expaii- 
sion in brass as in a steel rod of similar si/e. 'J'heoutc'r rods 
tlieiH:ave exjumded in length -- of an inch more than lln^ 
^^'Inn^r rods. It will be apparent from a slight ins])ection of 
the drawing, that as the brass rod d and the st(‘el one e are 
attached by a connecting ])iu to the transverse bar yVi, that 
by r/ expanding more than r, that fh becomes a le\cr, v])eing 
the fulcrum, atid as g h is three times as long as///, conse- 
quently if d he expanded more? than c, the end h will he 
elevated of an inch, and thereby raise the weight o of an 
inch more than^ the ex))ansion of d has d(‘])vessed it. 'J'his 
increg^fcd elevation is intended to allow that the spring M,.th(‘. 
bar b, the rod /, and the bar m, uniteJly/will expand of an 
irnffi also, and if so, it mast he at)parciit that, the whole pen- 
dulum has preserved its equilibrium and remains precisely of 
the same length as if no change had taken place in any of its 
parts. 

Fig. 6 plat(? 3, shews a perpendicular view of the transverse 
bar /A, arranged so as to admit the corresponding bar for the 
other side to work freely, and at the same time preserve the 
four ujiper rods upon a line with each other, which, as tlie 
levers intrude within each others could not he (lotn? without the 
pctx'ss as shewii in tlie section. The same letters correspond 
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to the sainc parts in 5 and d. The dotted llnc-s in Fi:?. G, 
arc intended to shew the relative position of the lever whieh is 
attached to the dotted lino rf, FiJ.^ 5, in re.irard to the other. 

italliuioro, Mil-, 1H:H. 


W ill.- - Di .script Unt of an EcoHoaucal ApparfUns f^>r 
Solid* fijitaj (Jarhouic Acid^ namilj constructed at //<« 
f\\sU (put Ljnif'crslt JMiddtf toaou^ Oontt. ].5y 
Jf)fiNS'!’oN5 A. M.j ProiVrsoi* of Natural Science. 

“^rho soliditieatien oi‘ carbonic ac'ld lias of iato o\eired con 
sidei'a.bl(‘ inti-rosl lic'th in I'inrope and in tliis country ; hut the 
cost of the lu'cc.-sary api)aralus ha- l)ccii considerable, and 
nianv |)robal>ly liave ui» this aci'onnt, merely, been ]>i*i‘ventod 
^Voni niakintj an\ attempt to re 4 )eat the eN^periment. ?Jost of 
oiir public iiievai\' in wliicb alone in this couiitvy 

'iucl) apparatus, is e\er u.-.*d, are obliged to study economy, 
and tlicv avc therefore odtui lle.ble to bi' prevent(Mi from avail- 
i)i<r iheru-elves of the i)e!ieiiis crf new di *coverics like the 
pro-(*iit, merely (’U aecnuni of tiu' (‘xpt'usc of apparatus. 

It is lhcrefor(' tiiouelit ii de>cr:plinu e.f an economical ap- 
par;ilusf.u' sohdilyin^* lairbonlv; av'ldm;5\ be acceptable to the, 
jud)lie, rlh)n,Ld). we do not })ri. tend to oPer aiiy thing new on 
(lie g(.‘ueral si:!»jeet. 

^riie generator A, fig. 7 plate 1) is nnnle of a eommon rffei*^'l!;y‘’ 
{lask, Si?veral of whicdi I have tested am! tiud sutVu-ienrly sti\»g. 
'Jd)(‘y may be pnreliased in New York for a dollar a |/ioce, or 
ov cii^ less/ ddu' aperi are .it the neck may bo a little enlarged, so 
as to make it an incli or an inch aiyl a. v[u:irtor in diiameterj and 
the •thread of the s( rew r^*-cut. A plug of cast-steel li is 
matle of 3. liar Iavo inches in diameter, and turned with a wide 
and smooth shoulder, so as to fit accurately upon a collar of 
hloek-tin when screui'd into its place, as represented in the 
figiTro. Tills I'ollar should ho soldftanl t«.> the iron; which is 
easily accomplished by filing the iron bright and tinning it in 
the ordinary manner, and then melting the blo(‘k-tin and pour- 
ing it on, having first screwed^ a cork into the aperture and 
formed a wall of putty or clay at a surtieiont distance around 
it. '.riio shoulder of the plug is readily made to fit the c'ollar 
aceurately by screwing it ;x few times into its place, and then 
removing with a eearse file the parts of the I'ollar upon which 
it touches. In this manner an aceiirale joint may he ma<ie 
vitliout the use of a lithe ; and if the ping iloes nul corres- 
pond precisely with the axis of tlie fiask it. is just as well,^^ 
Mio taueels oi« stop-cocks are the most tlijiiciilt part to 
\ OL. \ . No, 5t>, Auipist^ IS H). 
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construct, .and occasion full half the expense. These in our 
apparatus are sujiposcd to he essentially the same as arc used 
by others for this purpose, hut it may not be amiss to insert a 
description, since none has to my knowled^u) been given. 'I’herc 
is this peculiarity about ours, however ; they are inserted in the 
cast-steel l)liigs, which indeed make a part of them. D lig. 8 
plate 3 is designed to represent the i)lng remoV(‘d from tin' gen- 
erator; at the upper end of it a hole I'omi inch in diameter is 
drilled about an inch deep, terminating in a hollow cone into 
which the point G lig. !), is accurately ground. A small hole 
extends(}uite througli tin? plug. Arouml ilnsipertm-i’ V a collar 
of block-till is litted to rectuve the shoulder of the j>a.rt l\, as 
seen at I, aildprcvelita any passage aiomid the tlnvails of the 
screw, 'lluoiigh the axis of lln^ part M a. hole ib.rei' eighths 
of an iru'h in diameter is drilled, and vcc(‘i.ves the part (r 
wliich is vSt'rewed in from below, the handle 11 being removed. 
'File handle II should he afterwards riveted oti. 

Now suppose ll K G to he ins(n*ted in its place in the 
east-steel plug, as represented at !> I,iig, a, the plug itst'lf beittg 
s(*rewed into the generator. I? 11' b.e sere we'd down, the 
aperture from the generator lirrnlv closed by the conical 
point (i ; and by giving IF a single revolution in the opp(»siio 
direction, the shonlder of G is brought iinnly against the 
bottom of H, so tlial no escape is jiermivted direc tly upward, 
but only In a lateral direidioii through the l^rass tube 1., which 
coniwils the generator with the receiver i \ A waslu'r of 
lead should be phu'ed around tiie shoulder of (i, in 
order to secure a perfect inelallic contact betweim it and the 
bottom of E. 

The recciv(‘r C is made of tin* l)csl boiliT iron, which was 
strongly welded around a eviinder and a bottom als«) welded 
in. It is of the same lieiglit as the generator, which is about 
one foot, but only about two inches in diameter internally, 
and has a capacity of about one |)int. "Fhis form (mahles it 
to resist much greater })ijssure than if it. was of a large.r dia- 
meter; and it is rather an advantage than otherwise to have 
it of the same length as the gnmerafor. 

A cast-steel plug with stop-cock precisely similar to the 
one described, screws into thoroceiver, as the other does into 
the generator. I'he tube h screws into the ping which is 
inserted in the receiver, and tin*, other end, turned to a conical 
point, fits accurately into a i*avity in the idug 15, and is held 
in its place; by rricans of the stirrup sck'w M. Another stirru)) 
screw N, and block of wood O, secures tin; receiver C in its 
place. 

JT® im this apparatus the generator and receiver are sopa- 
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ijitod, and tin* plug B being removed, two pounds of bicar- 
bonate of soda, made into a paste with the same weiglit of 
water, are iniroducctl into A, and twenty ounces*'' of s’trong 
sulpiuiri(‘ acid are ])Oured into several lead vessels, uiade by 
soldering ])ott:orn9 in pieces of lead tube a littUi shorter than 
the length int(wnally of tlie generator, and of such a diameter 
that they vvill just pass the aperture. These heing nearly 
filled with acid are dro])pcd into the generator, which, after 
the ])lug B is inserted, is allow(‘d to lie on one side for fifti'cn 
or twenty minutes, or a less time if it is several limes rolled 
t)ver to mix the aciil with tin* soda. The receiver is then 
attached to it as seen in the fknire, by tneans of the stirrup 
screws M and N ; and if kept sufficiently cool hy means of 

i(‘(*, the liquid carbonic acid fornicrl in A will shortly bo dis- 
tilled ov(‘.r into C, the passage l)etueon them being of course 
])re\iously oj)ened by means of the stop-cocks before dos- 
erilxMl. * 

The .stop-cocks are now to l>e closed and the receiver, 
wbicli now contains tlui liejnid carbonic acid, separated from 
the geueratoA A small tiiiVnp is then to bo attached to the 
tube L, precisely as in. Dr. MircheH's apparatus, t to receive 
tlio j('t of the acid from the receivin’. It is essential that ihc! 
liquid acid slundd t‘scape into this cup, whicli is effected hy 
liaving a Miiall tulx^ pass from the steel j^hig nearly to the 
bottom of the reet'Iver, or hv invert iim tlie receiver before 
opening the stop-cock. ^ > 

Tilt' best method of testing the strength of the appaiXii'us, 
is hy means of a hydraulic press, but it can be done as eiTec- 
Uially bv permitting it to lie. when charged, exposed to the 
direct rays of the sun, and excluded from (‘urrents of air. till 
the temperature rises to iOO oV 110 l‘\ d'his should ho 

doin' tw'# or throe limes helbre running any risks by ventur- 
ing to handle the aj>pavatus while chargi'd. 

It has been*our <jl>ject to construct an ajqiaralus for forming 
thi solid acid merely, but the gauges for ascertaining the 
pressure, &c. might of course he added as in Ur. ^MitcholTs 
apparatus. 

Tlie above apparatus, including the expense of testing 
three times, cost us about nineteen dollars. 


* The quantitv of ac'ul mjuirctl to saturate or ncutrali/o tlu' soil.: l‘e 

a little iixore thun'J t oz., or 'i'Z oz. only ,if the soila is in rrxvi.iN. loU .'■oiue- 
thing; loss than tliit should always he used. ^ 

t d<)urnal of the Franklin Institute. Voh wii. p. aud. ' ‘d. 
of Silli man's tIouruaU 
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XIX. — Oryauic Chemistry. Memoir on the Essence 
Crystallized Peppermint. Hy M. WAJ/riiK. 

(Ejetracli'd frtm titr (\nnptcs Jii ndus.) 

[ii ii note I liad the honor of C()niniuni('atiiig' to llu* acadoin^ 
relative to the cstJeiiee of rrystalli/^'d mint. 1 endeavored t( 
discover if it. were neeossary to phu'c this among a. group o 
peculiar bodies, of which, ordinary canijihor would he the type 
or if its jdaco ought to be in that very lU'arly related, and a 
pre.sent so nuinerou.s group of alcohols, of which ordinar; 
alcohol is t!ie typo.- I'he expennienls 1 have tried decide ii 
favor of the first ojhnion : in fact, the reactions which an 
exercised on ^he essence connnon sidjdmric acid and })or 
chlorure of phosphorus, neat and decl'^ive rcardions, ofwliici 
i shall treat iu detail hereafter, are adverse to the idea o 
consiilering it a (‘ommoii alcohol, 'flu* group with its d(* 
rivatives is more nnmeroii.s than we should at first he tein])tc( 
t«) suppose. I have tried to ^'present it in the followin' 
table, iu which seveial hodu"^ arc e\t‘ii yet, only* hypothetical 
and pH'sent gaps which J iiopecn* long will be filled up 

( 01 ) |]i ofinint ’'’mcnthrlie 

(ON |i[u ^ [ [! (^) 'unknown ( IP 'essence of teribentlnne 

(;i'»|| IP O'camphor ('^’‘ll 'camphcne 

(!4'>ir'‘ -p iP()*imknown ('‘".ll•'unk]^o\vn 

IPO- aniseed P*' ir'’aniKene 

IP'' + IP 0“ unknown IP^'iiapthalinc 

The essence of mint pre.senls itself under the form ot 
colorless ])risms, of a taste and sni(41 wliieh belong to the 
essence of powdered mint. ' It is rather solul)l(; iu water, very 
much so in alcohol, spirit of wood, ctlier, and essence of 
terebenthinc ; its point of fusion is at li i c tlie point of ehullP 
tiun *2 13 c., under the prc>.sure of l)'".7(). Anhydrous plios- 
jdioric and ordinary sul[)huric acids, perchlorate of phosjihonus, 
dry chloride acting sornetiines iu the dark and soinotimes as- 
sisted by the solar rays, exercise particniar reactions. My 
analyses agree with those of M. Dumas, and tl)e density of 
the vapor which I have found Cor liim. The following are the 
data of one of these analyst's : 0.3225 essence of mint, 0.9055 
carbonic acid, 0.372 water, wljich gives in centiemes 77.08 
carbon, 12.83 hydrogen, 9.19 oxygon: these results agree 
with the rational formula IP^' C^ wliich gives 77.27 car- 
bon, 12.62 hydrogen, lO.l 1 oxygen. Tfic density of the vapor 
was found 4.62 ; calculation gives it r>.4r)5» An equivalent of 
eB«<>nce coutaitw four volumes of vapor. 
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Me?it/u'ne . — Causing anhydrous phosplioric acid to react on 
the essence of iiiiiit, wo obtain a ])artLcular lujuid body to 
which I have given the name of Tncnlhcne. Disiilling ifoiice 
or twii'.e over anliydrous phosphoric, acid is sullicient to purify 
it. This li(jui(l is (dear, transparent, and of an agreoahle 
smell, its taste is cool ; it is soluble in alcidiol, ctlier, &c. ; 
burns with a sooly ilaine, boil'-- at Ib.d c., under a pressure of 
().7b ; its specific gravity is O.Sol at 21 c. (dilore and nitric 
acid react in a peculiar manner: hromc produces it in a very 
<'haracterisli^‘ d('eji red (*olorisatlou : ,su])}ectcd to aualvses it 
luis afibiaied im* tile following result : 0.372 menthene, 1.1 7S 
carbonic acid, 0.d2n water, or in cciiti^' uio.s bT.ofn arhon, 12.71 
h\(irngen, 'Hii.s result agrees perfectly with the I'oruiula 
which would give 


(/•••► 18 
11 220 -^ 12.12 

I took the (Iensity»<)f tlie va])or twic'o, and h)iind it ; 

the calculation, ai-cording to*lhe funikula (|Uot(Ml above, gives 
4.^. lienee an e(piivc‘tleul of inenthcue coniain.s 4 volumes 
of vapor. 

(.7ninuon siilpliuric acid when cold exercises no sensible 
action on tlu' esst'uc?- of luiiil ; tlu^ mixture oul\ takes a red 
color; but if we heat it in a sea-haih it dividi‘s itself into two 
strata, one eolorlc'^s and. fiuid, the other thick aiul^ deeply 
e<»lored with n*d ; tin' upper stratum sup\)lied several iiiuw 
with ci4<t sul))hurie acid exltihits all the characters and eom- 
])ositioii of pure ineulhcne, the other, thick, Mvturated with <lif- 
i’erent bases, gave me nothing from w hich .1 could infer the 
oxisleuce of sidpho-meuthie a< id.* 

Cltlfirii-incHilif'nc In ofder to prepare a chlorhydratc of 

mei’.tlicne analogous to tlie chlorhydrales of bi(?arbonated 
hydrogen or luolliyleue, I caused some ])en hlorure of phos- 
ph 4 >rus to n’aet on essoneo of mint ; the iT^aetion was very 
lively, it disengaged abimdant vapors of chlorhydrlc at id. lly 
distilling tlie whole in a small excess of perclilonire of phos- 
phorus, there passed in the recipient, first, protochlorure of 
phospliortts, then perehlonire,.and finally, an oleaginous body. 
Tile mixture supplied with water, caused to appear on the 
.surfac e of this latter an oleaginous body, whi< h, washed with 
water and a solution of carbonate of soda, afterw ards redis- 
tilled twice ill pcTchlorurc of phos])horus, waslied, put in con- 
tact with chlorure of ealciuni melted, and plac tnl in >acuo, 
was subjected lo analysis. 

0,24 of matter ^gave 0.008 carbonic acid and (^214 w'UiVr, 
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0.3505 of mattor dccompo.sod l)v iiicandiscent limej furni«h( 
0-’'\0 of cldoridc of silver. 

These reduced to eeiitieuics, give 

Cm 1)011 70.00 

Hydroiani 0.80 

(.‘hlore ‘J0.87 * 

Tl)e\' agree llie h»rinnhi nf whicli 

(‘‘^---00.01 
ll*— 0.77 
Cl*' 

( *liloio-inentli''-ne is a paio yellow lujuiii, its smell is aro- 
matic, rescmhling tliat of mace llo\\ci>, llu* lasle fresh; ii 
boils at 201 e., ;iiul burns with a fnli;,!liioiis ilanu' edgial will 
green : u coneenirared solution of canstie pota.ssa has no clltM:! 
upon it. llcnc(‘ collecting these cliaractei istics we may con- 
clude that nieiitlicne atnl (■hhiVo-mi-ntheiie an? two boilies o‘ 
the same type, having tlu^sanu' relationship betwetm tlu'in .-e 
oli'fying and chloru-iefying gas, or iVrther, as acetic anc 
C'hloro«a(‘etic acid. 

'I he action which chloro exercise., onjhi' essence of menthciu 
gives vis(^ to eonijjoinnl.^ of a complicated compo.siti(m. Catis- 
ing dry chl(»re lo pas> thriMigh c?rscnc(* of mint, abnndani 
vapors of {'hloror-]i)dri(! acid aia.' liberated, and we at leiigtl 
olitain a y(‘l!uw liquid more deicMj than \\aler, wliich, ))nrili<‘( 
iind/lried by the ordiiiarvdnethods and subjected to analysis, 
grttf the fidiowing result: O.ibhS matter, 0.7 eailiojtic acid, 

0.22 wat(u* 0 305 matter loive 0.557 chlorure of silver, oi 

in ceutieincs, 

Carbon 40.0 j Thi.toni|>o.i. . ( i' r.-. 1 530. --50.4 

Ilvdroifcn ^ J v.r • I ^ 

(’lilore 37,0 .^1100 3i;.5 


This product ••exposed to the action of (4iloro and solar 
light becomes more pale, N tscons, hises also 0 etjuivalents of 
hydrogen which are ieplac(‘d by 0 of chlore ; in short, 0.321 
matter employed .gave 0.111 carlmnic acid, 0.112 water; 
0.283 matter fiirnislied 0.0 13 cjilorure of silver. I'licse data 
reduced tocimtiemes become 


Carbon 34.4 2 \ 

Clllorc jinula: 


C"’ =-.= 
1C' = 
Cl" - 
[(J^ 


ir>30==3r).4 
ir)G=- 3.G 
24;M=r)G,3 
200.,- 4.G 


Oxygen 

1 now p-iss on to the reactions produced by nitric add and 

flfl.'ro nn nictlthcnc. 
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Cold nitric acid oxcrci.scs no action : hut on warrninir it, 
the rea< 4 ion is inndi* \vitli extreme violence : nnnKn'ous rtjcti- 
lant vapors and carbonic* acid are liberated. At tiie end the 
reaction is made \vitli extreme ditlieiilu . \\ c obtain a yellow 

licpiid scjluble in water and ah-c^iol, wliicb, i>initie(l and sub- 
initti'd to analysis, ^ave tlie following 1 matter. 


0 .r )82 carbonic- acid 
bon ; (i.T) bydrogcn, 
the formulaic-*’ 
study. 

C'aiising dry cbit)r<» to ]>as; 
attacks it in a aciv cnun'gctic 
jui( y licpilc-l of a 
vacuo, y;j\e the 
0.44 I C:u houic a 
O.hoo chloriire of 


0.222 water or in ccniticiitc's, 4 :j.O.) c ir- 
bti.ib ox\«icn, whic h ncarlv aurec s wldi 


(J'. 4 'his acid demands a [).irt icular 


througii nienthcm-, thc^, eddorc' 
imintun-, ami changes it into a 
ycdh)W cohjr, which, j)iirili('d and dried in 
followin 5 if ia*'idt : O.dl I inattcn*. einploved 
eid, O.ldd water: 0 . 2^2 
sil\ei*, or in cc“niidines : 


matter, em])l(»y(Ml 


(Auhon ... 
.1 rydri>neu 
C/hlcerct . .. 


:v,) 

4 


o 

K 

« 

71 


\\ tlC-ll 1<) I ['-' ■* 

itio f\»nituLi , .1 , . 

i C 1 *’ 


\rr 2 ^ 4.17 

~=:> 21 d— oG.dT 


In lliis rc'acfion, the .nn'nthciic* li:i< lost 1 0 ei^iiiv.aleiits f 
hydrogcMi which liave beem rephnaal l.>y 10 c.)f clilore. 

All iny attempts to prodin*e with Oi-scnu e ot mint and the 
dilFerent rcAaetives of tbe com])oim«ls an:tlogo\is tc^ those whieli 
alTbrd us alcohol, spirit of wood, etinn*, placed under the same 
eircmnstaiic'c*.'. ba^ig failed, tin* ac tion of snlpliuric* aeWI, per- 
ebioriire of pliospborus, and phosph.oric acid baNing^ always 
given mc‘ very particular ami novtd results, we may eottclude 
that essenei' of crvstaliscd mint c annot be regarded as an or- 
tiinary alcohol. Ibnice F sliull be led to place it in the same 
group with camphor and acetone, which it very much re- 
sembles. • 


XX llest (trcht\s on the Phenunn na result iw/ fro ui tin inlnf- 

dfiction of certain Salts in the irat/ of the circulat ion, 
15y AI. 13 j.akk. 

( I'\i'tr(ictrii from tin* < Ixi U'.i its. 

Solutions of several salts, ])o'*tassa, soda, ammonia, baryte, 
lime, and magnesia, liave been, says the author, injeetcal into 
the veins or arteric'S, and the resulting plienonvna have' in 
most eases been studied with the assistaitcu' gf the hcemoclx iia- 
mometer. A striking ilitVereneo in the phvsiohyL’li .il act ion 
of those substances, has caused th.em to be dh ided into two 
classes; the oiu* eontaiuiug salts which destroy the irritability 
ot the heart as sooyi as any blood vitiated h\ tiieir preseheo 
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circulato.^ -in tlie partitions of this intostmo ; and the other 
containing those substances which, wntliout diminishing the 
irritability of the heart, cause death by stf)pjMUg the blood in 
the lungs, by au influence which It seems to exorcise over the 
capillary system of these orgmis. 4'heso two classes of sub- 
stances, distinct as to their physiological action, art* so also 
with regard to their chemical composition. 

In fact, salts wliich have soda far a base, scami to he the (miy 
ones which (‘xejvise no action on the irritability of llte ijeart, 
whilst those of all othco* ])ases, at lea.^i all that we have tried, 
stop the contractions of tln^ heart whe:i llit^y are introduced 
into tlie hlood in any considerahio iniaiitity. 

Our author go(‘s on to say that, if the jna's.ence of jhe salts 
of soda in tlie hlood do iH>t slop tli(‘ irritaljilil y of lh(» heart, 
it determines otlun* perturbation^ whicii caust; thcs(‘ salts to he. 
ranked as th(^ most rapidly fatal poisons. If a sohiiion of our 
of those substaiua's be inje{4e(i into tin; jugular vein <d a dog, 
the arrival of the hlood to the left iuNirt, is hindered in about 
six seconds although the conliaetions. of lhi.< entrad do not 
cease. At the satne tirm* the hlood accumiilaies in the right 
heart and in the veiuous system, piodneing on the pavtitiems 
of the veins a pressun* ea[)nl)le of i)alanei)iir a. cohimn of nwn- 
cury tw<j inches in lengih, d’liis pre.ssure re-acting on the 
sides of the ventrienles of the brain, as on all tin' other parts 
of the veinous system, must produce on the encephah* a th'- 
gree of compression (piite sullicient to accoffut for th(» sudih'ii 
dealii whieh happens, to atiimals siihjcctetl to experiment, 
thirty or forty seconds aft(‘r the inj(M-tiou of the poison in tlie 
veins. 

After dearli the hearl stilj preserv(\s its cont.ra(*ti))ility : hut 
so powerful is the obstacle wliich the eapillaries of the lungs 
oppose to the passage of these substances over theiiM-alihers, 
that it has sometimes been impossible to liud the slightest 
tiau’o of them iu^.tlie left heart. If the (piantity of tlie salt 
introduced in the vein is not .siillicient to eompletely stop the 
passage of the blood ovct the lungs, their action on tlie 
capillaries is still demonstrated by the augmentation of the 
broiicliie secretmn, of which the (piantity is in(*reas(Ml so as to 
cause the animal to perish of lethargy after having tilled the 
aerial ways. 

"riuj jihen^mcma which follow the inj(‘ction of the second 
class salts in the veins are very diflerimt from those wo have 
described above. The. deepest nielbod of studying their 
action, consists in injecting thcmi in the veins of an animal 
whose thorax has previously bei'ii opened, and upon which 
tlit5^ artificial respiration is practiced ; from seven to ton sin 
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condh} after the injfMttiovK ut* |>(‘rt*eivo the moverwents of the 
heart cease, ;uul tlio Irrilahility ot this ontrail so completely 
destroyed, tliat however .ssnali the dose of poison has ‘l)een, 
ttic asiplication even of the two poles of rhey>iie, some seconds 
after death, is insulKe.ient to reproduce tlie contractions of the 
lioart. Death (!o(‘s not follow with so much ra]udity as when 
the pulmonary (‘ir<ailation is stopped, for we see the sensibility 
aii.d rcs[iiralinn continue from two to three minutes, after the. 
puLsatioiis of tlio heart ijave ceased. 


XXL- Pi'0(‘,'editi(js of the /I met ir an PJtilosophical 

SoLodtjP — Wjrc'tnhf i' and Dircmbcri 183 !). 

‘i’he committee, ermsisting of Dr. Ihiche, Dr, Patterson, 
niul Mr, llootli.. t*) wlioiii tlie paper of .Doctor Hare, read at 
die last nicetiug of the s()ci(.Uy* was nderred, entitled, “ JJes* 
criptiou of an AJ){)aratu^^ tor deflagrating carburets, phosphii- 
oi'j'i uiiidt^s, sii \acuo, or in an atmosjfliere of hydrogen, 
hetvvc<‘ii cli etrod(‘s of charcoal ; whli an account of the re?sult.s 
obtained by diese and «oiher mean'-, especially the isolation 
<‘»f caleiuni, and formation of a. new fuhniuating compound, 
l)y R. Hare, M. D., Professor of Lheinistry in the Imiversity 
of PcnnsH\ania,'' reported in favor of publication in the 
S{jc-iety’s Transact ions. The publication was ordered accord- 

' . . . , T 

Ihi^ apparatus is of a convenient consli uction for the pur- 
poses designated in the title of the paper. The lower elecv 
irode or cathode is’ a parallelopipcdon of charcoal, ou which 
the body is placed, to he suhjecteui to the influence of one or 
more batteries ; and tubes w ilh *va!ve-cocks, coinmunicaring 
with an •air pump, a haruineter-gaiig'c, aiul a reservoir of 
hydrogen, opey into the interior of a ground plate, ou which 
a bell-glass is iitted, air tight. In the experiments of the 
autiior, an oipiivalent of lime was heated with one equivalent 
and a lialf of hicyanidt'- of mercury, in a porcelain crucible, 
enclosed in the aleinhic made for this jiurpose, and described 
in a former paper. Ihe weight of the residue was such 
as would result from the union of an equivalent of calciiiin 
with an equivalent of cyanogen. 'Phis was then subjected 
to galvanic action on the cathode of the a]4paratus, the 
anode being brought in contact vith it, and the result 
was the production of masses on the charcoal, liaving a 
metallic ajipcaraiu'c. 

Phosphurct of calcium, exposed in the same manner in the 
galvanic circuit, Jeft pulverulent matter \\hi(h eflervcsfeod 
V. — No, Aufjust^ LSdO, 1 
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in water,, anil, when rubbed on })()re(‘lain, appeared 
contain metallic spangles, which were rapidly oxidized 
the air. 

In one oxyun-iment, yiartieles of charcoal, ap])arently lusi 
or ri'sembling plumbago, dro])pcd from the anode. 

After heating lime with bicyanide of mercury, the ma 
was dissolved in acetic, acid, in which nitrate of merenrv |n’i 
rluciMl a copious white precii>ilate, tliat detonated iiiulcr tl 
liMT'iimer lihe fnlnnnatnm silviM’. 


On (t Si'tr Compound of Denloclilurldt! of Phtdnnnh Xilri 
Oxidi\ and ffifdrorlilorir Acid, Uy IIkniiv D. luxiims 
Prolcssor of (leology in the Ihhvcrsity of IViinsylvania 
atid Mum'IN' II. llovK, (Iraduate of the riiivciv^ily o 
Copenhagen. 

Tliis substance is procuriMl by dissolving plalimim in at 
excess of nitromnriatie acid, and eva[)orating nearly to dry 
ness; after which it is treated with aijiia ri'gi;.'., freshly prepared 
from concentrated bydrocliloric and nitric acivis. A lillh 
water is afterwards mldod, drop by ilrop, just sniHoient U 
keep tlie cliloridiMd* platinum dissolved, when the compoina 
will remain in tin* form of a gamhogv ytdiow powder. It i? 
then separated by decanting attd lilleriiig, and jtressed het.weei 
the folds of bibulons pa]>t*r, and driiMl la vacuooso.x sulj)linri( 
acid. . 

'riic precipitate is a yellow, minutely eryslalline powder, 
wliich al>orl).s w'ater with great avidity. It may lx* preservi'd. 
without dccoinjKJsition, in dry air, or la varuo. It is deiumi- 
posed hy water, alcoln>l, kv.., with extrication of nitrh* oxide, 
cldoridc of ydatimnn remaining in solution. A concentrated 
solution of chloride of ydatimmi lias, how’ever, no action ou it, 
Ih'atcd in an atmosphere by liydrogen, it gives, o/Valargc 
amount of chloride of ammonimn, leaving a residuum 
metallic platimint; ^ 

Analysis. — The salt analysed, wais yirepared and kept in the 
manner described. Heated to tlic temperature of "2V2- F., it 
(loos not part with any of its water of eomhination. For esti- 
mating the amount of platimjin and chlorine, the salt was 
fused with carbonate of ymtassa, &c , and the ydatinmn, thus 
obtained, weighed by itself, and the chlorine precipitated from 
the solution hy nitrate of .silver. 

The quantity of nitric oxide was determined hy introducing 
a portion of the salt into a graduated tube, inverted over 
mercury, and decomposing it by letting up the reciuisite pro- 
portion of water. 
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The moan of a serios of oxpcriniont.s, variod in difloviMn 
ways, gave 

l^latinnrii, - 4 I .‘20 jjcr . 

f'liloriiu', - ‘‘ 

Nitric oxide 4.‘J8 

The above results eorres})ond to five atoms of bichloride 
of platinum ; live atoms of hydrochloric arid, and tv/.> aroros 
of uilrie oxide. 'The watco- was oahrolated from the lo^.-, in 
tile iUialvsis, to he c<juivalciit to to!i atom-^. 

Jlcsjx'cting the ohcmical iialnre r«f ihss com])ound, it niiiy 
l)t' n'gardcd, either as a chloride of platinum, ''.vith a inuri- 
att> of niti-ic f>Nide, ri^pre.-ruttai hv the followimr formula, 
(Pt ('i'; ' H- [f('l fl) ' H- (X()')] •{- 10 A(|, or a> a doul.ie 
i*!ilorosalt, a c}ilo*’oplatinai e (d’nit roi^tuj, with a ciilorojdat inate 
(d' In droM'ciK re))rr-.--cnted !>v tlk- I’uriuula, ! t Pi L'i N C'l ' i ' 
! (Pt C -1- 11 A(p 


i I’id ()/ ijie AiiKrlcdn Jd*ih)'^^i)pliic((f Soc/i'ti/, 

\u\i.^ui:iA’Ui Drcn/ibcr. ISliO. 
7o tin lIo)i, P. •PoiNsr/rr, St m fanj of' ll o/\ sVr, ^yc. 

Sir : ■ 'The uiidtu'-igncd Ikne htu u a]>[}ointed a committee 
of tile Au’i.*rican PifHo^ojJiu'al Soc iety, so call your ai tcniiou 
to, and linin', thi’uUiih the nu'dium of } our dojiartment, co- 
operati m in, tiu* c\!on>iN<^ sysnun of ntagnetie and meteoro- 
logical olisei'vai ions ala.uit. to be niach' tinder tlie diiaHtiou of 
the I5riti^h (ios ernmeut, and in c onnt'xitm w uh their Antarctic 
expedition, ]Kirllcularly <.hrected tviwataU ma'jnciie invc&iiga-' 
rions. 

Tht' science' of terrt'stial magiv^ui'in h:is t)f late years made 
gri'Tir a^lvanees, through •the in-tnuneutalily of llumholt 
Hanstci'n, C^anss ami others, and !ias now re.iehed tliat point 
where a ‘-ysteni of couihlned ohseinations at widely di>taut 
poyits t.)ver the surface of I lie glohiu ajipt'aps to ht' ncc*e‘<S‘:ir\ 
to its furtlu'r ])rogress : dcstdtory clh)rt has already done all 
that it is f'oiiipeteiil. to etlbct. Sm ii a se»*ies td* systematic 
observations has now Ix'cn set on foot by the British Cdoverii- 
nient, din*cted to a hetteiMh'tej nnuarioii of the magnetic lines, 
for the use of navigators, and to the accurate investigation of 
the magnetic elements for theoretical })nrpose.s. The objects 
e!nbraee<l are the tm'asurement of the magnetic Intensit} , dip, 
and variation, at dillereiit stations, by a ifautical expedition, 
and at lixed observatories, and especially the investigations of 
file variations of these elements at the latter jfoints. As sub- 
sidiary to these objects, conibiiuHl meteorological observations 
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arc to be made, >\hioh cannot fail to elucidate some of the 
most important questions in this useful science. 

The inagnctie changes to be investigated are of tiir(‘C kinds : 
first, those which, depending upon a cause not yet satisfac- 
torily explained, take place slowly but regularly, causing a 
general displacement of the lin(‘s of e({iial variation and dip ; 
socondl)^ those which, depending iqion the position of the 
sun, run through their period of change ill a yt'ar or day, 
producing ditlbreiit values in the magnetic elements, according 
to the season or to the hour of the day ; and thirdly, the small 
disturbances which appear to be constantly taking place, and 
which require for their measurement continued observation 
with the most accurate instruments. 

The striking fact was proied in 1818, by the observations 
of Arago, at Paris, and of M. Kupib'r, at Kasan, that tlie 
large changes which take place in the position of the horizon- 
tal needle duiiiig the da\, are simultaneous at tluvse places, 
so distant from each other ; and a eoulinnntion of the fact as 
applying to even more distaiit stations ivsuhed from the 
system of observations estal)lish(‘.d by Humboldt and others 
in 18)30, and extended, through llio iiifluein*e of the Imperial 
Academy of Sciences of St. Pcicrsbiirg, to the most remote 
})arts of the Jlus«ian empire, and evim to J\‘kin. In 1834, 
tlie celebrated (lermau philosopher (beass, invented an in- 
strument for measuring tin* variation of the noodle and its 
changes, which introduced’ into these determinations an ac- 
euraev similar to that attainable in a.‘'lronomiecil measurements. 
This mstrumont was soon furnished to dltteiamt observatories, 
and a ooneerted system of observations of the minute changes 
of variation was introduced, which is now gtiiiig on at no lests 
than twenty-three places in. Juirope, the smaller and larger 
states having vied with each other .in providing the mean... of 
<'xccuting tlienu The stali(ins include Altoua, Augsburg, 
lleiTin, lionn, Brunswick, lireda, Breslau, Casscl, Copen- 
hagen, Cracow, /)ublin, Creyberg, CdttingfMj, (ireeiivvich, 
Halle, Kasan, Lcijislc, iVlaiburg, Milan, Munich, Napfes, 
St. Petersburg, and Cpsala. 

llie results already obtained and jiublished by the Cierinau 
Magnetic Association, have proved satisfactorily tliat the 
minute changes in the direction of the needle, as well a.s the 
larger ones, are simultaneous at the difterent stations, varying 
howpvcr in aaioinit, and the variation appearing to decrease 
in passing southward ; but the inducnce of the position of the 
place, whether depending upon geographical or magnetic 
position, not having yet been fully determined, and being 
probably dctcmiuablc only by observations at places even 
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more distant from each other tlian those now cmbr^LCod in the 
German series. 

The invention of an instrument hy Gauss, for (letorminin^; 
the changes in hori/ontal niagnetie intensity with tlir. same 
accuracy as those of the direction of the Jiecjlle, will give rise 
to interesting develo})tneMts in regard to them ; ami the 
changes of the three ehmients of horizontal direction, and 
horizontal and vertical iiueiisity arc all inchukd by the two 
instruments before rot'erred to, and a third invcnt(‘d hy Pro- 
fessor I.loyd, of Dublin. It is the ohj('ct of the series now 
projected, to embrac'c these three elements ; to e>vt.(*iid the 
iminher of stations with special refercTice to their distrihutiori 
at points of the earth interesting in their magnetic- relations ; 
to keep up <a constant series of simultaneous observations for 
tlireo years r and thus to cilect, on tan (ixlended scale, what 
the Ciernian INIagnetic Association has so well begun. 'Jlie 
cxeculioii of this plan, with observations of ah appropriate 
kind, directed also to iiiagnvdie researc'h, by a naval expedi- 
tion, was recoinnpMuled to the llrltish (iovenmicnt by the 
members of the IJritish Assentation, including men of sc'ienee 
from dillcwent countries, in IS3,^. It s.nhsi‘(]in>ntly received 
the sanction of tlie Koval Society of l.ondon, ^^as adopted hy 
the Clo\erniniMit, and is now in course of execution. It may 
1)0 considered, therefi)re, to have been approved hy the higliest 
s(?ientitic autlioritu.'S, la pursuance of this plan, stationary 
observatories are to be estahlislied, and regular obscTvations 
made, for the. next three years, at ' Toronto in Upper TAanada, 
at St. Helena, at the (.'apo of Good Hoi)e, and at a station in 
Van Dieman’s Land. '^The East India Company have also 
iindertaken to furnish the means of observation at nine points 
in their domtnlons. European JGovernments, who have not 
hitherto Joined in the German system, with which this uill he 
in connexion, have also promised similar aid. It is this ex- 
tended schemt*, to wliieh our attention lias been specially 
invited hy circular from tlie Koval Society ^»f London, and in 
which tin; Aimn’ican Pliilosophical Society desires that our 
country should co-operate. It is on a broad scale, worth} fif 
all encouragement, and the magnitude of the sehenn*, the 
objeids for which it is undert^iken, aiul the possibility of its 
execution, all mark the character oi the period in which w e 
live. 

Tho Soeioty would jwopose, in furtheranci^ of this jd in, 
that five magnetit^ohservatories should IhT cstahlislu^d in the 
N. fk, N. VV., S. 1C., S. W., and at some central point of the 
United States,- furnished wuth the instruments and oliservers 
necessary, fully to carry out the proper ])lan oi comlyiied 
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magnetic niul irioteorological observations. Should tlie ])r( 
position to make this co-ojicralinn truly national, be accede 
to, the details in relation to it can easily be arraug(*d, and tl 
Society will, the uudersigiH'd coniideiitly bellevas fe(‘l ])rour 
to lend any aid in their pow<T, in planning or executing tlicr 
It may perhaps ho more satisfactorv Iiowi'mt, to stale hriell 
beforehand, the nature of tlu‘ obsci rations to he niadt'. an 
the means required for their ex<*cntion. 

M’Uo TiiMtrni.pn. (>])sor' to hi‘ uiuitM’takcMt ut the )r\( 
ohservatori('s are, first, nt the variation (decliriniiCiii;, alisolu 
horizontal intensity and dip : st'coiuk of tl).' changes ol tli 
variation of tlie hori'/nntal int(‘nsilv, and of tin' vertical inten 
sitv. 'Idle regidar ol)S(‘r\ati(jn'^ for ('hanges in tlicx* element 
are to lie madt‘ cmmt two hours <‘vi‘rv da\, (witli the cxcej ' 
of Snndavs,) thr the m'xt tlnei‘ years, I ‘ginning as so')n ; 
{jw* ohsev\ nt* (*;|n hi^ ariMHije'.i. .0 e* e iiM’ i 

he mlded more freijneiit nhs(*rvatio;!s on one uav' »'« 'M' 
month, iiK'luding the four lerins during tin' \ear, li\<‘d 
hv the Cii'rinan Magnetic Associe.liuii. At -lalifin, a 
huilding of stone or ^\o(M.l will l.e'nsjiin e'l, in the'i'on 'lrnclion 
of wliicli no iron mu--t lie enrplo) ed. 'I he in.:truinenis 
adopttMl b\ tii(‘ Ih’itish observci's are the loiiowing: A mag- 
m^tormger for the lUadination, (me for t}i<‘ lion/nntal form*, 
one for the vertical foici*, a dipping nc( dll*, a/iirnitlial tran>it, 
two landing tideseoju's, and two clironoinctcrs. d iu* ('>limal(‘d 
cost of ea(.‘li set of tli(‘se, is about foiirtei'ii liundia'd dnilars. 
'I'Ik* cost of till* observalorv must vary with tin* ]>lac(‘ at which 
it is erected, and the material chosmi for it, but may be esti- 
mated at from one tlionsand to fifteen hundred dollars. Om* 
jirineipal and throe assistants will sul]i('e for making mid 
reducing the obser\ations at each station, ami fol* lon rying on 
a snpplenicntary series of meteorf)k)glcai observations. I he 
meteorological observations proposed, arc (m tin* ]jr(.‘ssui‘c, 
tcmpiM’ature, and moisture of the air; on tin*' direi’tion and 
force of the wind tin* (piantity of rain; (mi the t(‘m]>eratnre 
of the ground at dill'erent depths; on solar and terrestrial 
radiation; besides a few iniscellaneoiis and occasional obser- 
vations, not necessary to he here stao'd. Jicgnlar oliservat ions 
are to he made on these points, four times every day, and 
every hour on om* day in each month. 'I'ln* instrunu'nis 
required at each .station, are a. barfiimder, a standard ilicrmo- 
meter, a maximum and rniniimnn tluM-momulcr, a liygroinetcr, 
an anemometer, .sc\V*ral extra tiiermomete*, an aetinom(‘ter, 
and an apparatus for atmosjiherie electrh-ity. 'I'he probable 
eost of each set of the.se would not exceed two hundred and 
liftv dollars. 'Fhe value of the results would be rniu h imtroased. 
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bv [)rovi<liti^ :i soU-rogistc^riPi^ anomoineior and rain-gauL^'o, 
instead, of tin* coinujon ojjos, whieli would inoreasio tlio co.st 
ofeaclj s('t ol* ‘uistnuiunits to live hundml aud .sovuiitv dollars* 
The whole cost of (u-ectiug the live obstrrvatovies, and providing 
them with excellent Instruirumts, \vill probably not exceed 
sixteen ihonsam.l dollars; and if tlie ol)>er\atory aliaxidv 
existing at JMnladelj>bia, and providi'd with tlie ne<‘e>sary 
instiium‘nl>, slmnld l»e iwlopted as one, of tlu) li\e, and four 
otliers b(‘ ereeicfl and fuini.-ie'ib tin? t‘xpeii-{‘ to the l.’nited 
iSt .‘lies \\ oid<l not ex* t \vel\ i? i bonsatid dollars. 

No esliinatti Is Tr.ade of tlie cost of the j)niiclj)al and as- 
sislatits for the projiosed obstnn at ^)rie.',. In the ojgani/at ion 
oi the new Ilrili.-b stationary observalorh.‘s, tli(*>e persons are 
taken, in part, if not allogetln-r* from tiu? i)l!ii;ers, noii-tann- 
nli-'^^ioned ('ilieers, and ]>rivatt's of tin* arti!hn*y. 'Dto aeqnire- 
m<*nt.s e,f tin* graduates f>f onr ^tiiliiarv Acadeniv, adinirablv 
lit tlietn for direetitig the ol)>(M*.vatorios, whieli inlelit be appru- 
[)riat(’ly })lae(>d af tnililary i‘0.'^ts; so a-^ to provide the oiKeers and 
nu‘n net e-^'.-ary for nvd< ing ilie ob-:er\ at ions, witln)ut additiinial 
e\iam -e. d'iie diretnion lhi4s given to tin,* \iews of the eoiu- 
inilte(*: the faet that \(m have? lotig b(‘en (*nroll(Ml as a 
ini.'nibev (d tin* Anioriean Pljiloso])!iieal Society: and the 
inler<*''l w liich yon liavr? always inanife.ded. both a-i an null- 
vidnal and in a [)nljiic l ajtacity, in all eiitei print's calculatetl to 
died a bistre upon your country, ha\i' indnceil the Societv to 
direct us ti» address ourselves particularly to you uu tins 
subjec't. * 

\\ lib the bop(* Iliad your views niay coincide with lliose of 
tlio Society, in vi‘g:ird in the phui iu>\v presented lor vour 
consideration, \N e are, verv respectfully, \ours, 

A. IlK, \ 

• ^ Ji. M. Patti, iisoN, ' 

dosi.j'if ; Comnu'ffcc. 

• J. K. Kank, j 

Cl. I'oTTi: NV ■ 

On the Conaclalion of' U'afor la/ the Evaporation of Etht r. 

By Dr. 11 akk. 

Vor ejecting tin' congelation of water lyy the evaporation 
of ether, it had been usual to expose a bn! l^, containing w ater 
and moistened by^c otlier, to a eurn.‘iiL of air. ^Ilei ently Dr. 
Hare bad suvvG&m^d far more satlsfaetortly by expo^iiig a 
quantity of water, twenty times as large as that nsnally em- 
ployed, covercxl by ether in a capsule to a bla^t of an’, pro- 
ceeding from a vessel in vvhieh it had been condensed by a 
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pressure equal to one or two atmospheres* By tlieso means, 
the freezing- of the water might be seen by five hundred 
spectators. 

Having mentioned that the ])urc hyponitrous ether rct'cntly 
obtained, caused a cohl of 15* by its evaporation, it would of 
course be inforred, as lui hatl found to bo tl\e fact, tliat this 
last mentioned ether might be advantageously employed. 

When hydric' ether is em]»loyed, ic should not exceed 750 
in specitie gravity. 

l)r. Hare further said, that it would probably be. vemenv 
bered, that about two years since, he liad published an 
account of a new proces.s for freezing water by the evapora- 
tion of c'tlier, caused by a diminution of atmospheriit pressure. 
Tn the proce.'--s then (li-.a'ribed, concentrated snlplmrn* acid 
was inter[)osed betwe<‘n thenUort holding the water and ether, 
and the air ])ump. Since that time he liad rendered the j)ro- 
cess move ra|)id and interesting .b\ interposing an iron mercury 
bottle, with two cocks betwtum the receiver ludding the acid 
and the pump, ddie etlier and water wep* introduced into the 
retort- Tin? beak of t!ie retort, ])ropm’ly !)entj entered the 
receiver, through the tuhuhirc to wliieh it was luted. I'hc, 
beak was of such a length and curvature, as to caus(‘ its ori- 
fice to be below the snrfac'O of the acid, d'lie neck of tlie 
receiver communicated with the ea\ity r)v the bottle, that of 
the bottle with tin; j)um}). The apparatus being thus arranged, 
the bottle was exhausted, and the cock, coirummicating with 
the puuip, closed. Laidcr these circiimstanci's, on opening 
a communication bel\v('eu the bottle and receiver, the pv(»ssure 
in that vessel and in the retort was so mucli reduced as to 
cause the instantaneous ehullitiou of the ether, so tliat little, 
if any suhsecpient aid, was reapured from the pump. But the 
result which gave increased int(*rest to tin* process, was vhe 
inconceivable rapidity with which tlie acid, under these cir- 
cumstances, absorbed the etliereal vai)or, wliii.h it appeared 
to do with greater vividity as the process advanced. 

In fact, tlie water, in the act of congealing, flew all over 
the inner surface of the retort, in conseijuemie of an explosive 
evolution of ethereal vapor, generated amid the aqueous 
particles. '^I'he congelation of tlm water was rendered evident 
to the ears as well to the eyes ol his class of more than three 
hundred students. 

Dr. Hare said, it did not appear to him tliat sufficient 
attention bad been paid by artists or nicrAf seience, to the 
great difference which existed between the effect upon glass 
of heating it by^radiation and by conduction. When exposed 
to radiant hear^Alone, unaccompanied by flame, oi^ a current 
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of hot air, glass is readily penetrated by it, and. is heated, 
within aiicl without, with commensurate Vaj)idity ; but in the 
case of its exposure to an incandescent vapour or gaf=i, the 
caloric coidd only pcmetrate by the process of conduction ; 
and, consequently, from the inferior conducting power*of idass, 
the temperatun; of the outer au<l inner portions of tlie. mass 
would be so dilTerent, as by the consequent intMjuality of ex- 
pansivin to cause the fracture, which was well known, under 
such circumstances, to ensue. 

'I'lie combustion of anthracite coal, in an open grate, in bis 
laboratory, having four flues of about 4.12 by 2.12 inches 
each, ill an‘a, just above the level of the grate (the ujiper 
stratum of the tin*, having nothing between it and the ceiling,) 
had allowed him to perform some operatimis witli success, 
which formerly, he would have (*onsidcrod iiiipracticahlo. The 
fire having attained to that state of incaiidescent'e to which 
it easily arrives when well mtinaged, Ik* had, on opening a 
hob* by imvuis of an iron rod, so as to have^ a perpendicular 
])crforati(',i t‘xteivruyg to the bottom of the lire, repeatedly 
Fns(*d ifu* l)o!iks of retorts ftf any capacity, not being more 
than three gallons, causing them to draw out, by the force of 
gravity, into a tajiering tube ; so that, on lifting the beak 
from tin* fire, and holding tlie body of the retort upright, the 
fused portion wouhf liang down so as to form an angle with 
the rest of tlu^ beak, or to have any dt'sired obli(juity. By 
these means, in a sm’ies of retorts, the beak of the first might 
be made to descend througli the inbulure of a second ; the 
beak of the second ibrongli that of a third, and on : the beak 
of the last retort in the row being ma<le, when requisite, to enter 
a. tube passing fhrougb ice and water in an inverted bell-glass. 

By means of the anthracite lire, ns above described, thick 
rotfs, well as stout tAbes, might, as he had found, bo 
softened and extended, or bent into suitable forms. 

'The lower end of a green glass phial, such as is used 
usually for Cologne water, might be madif to draw out into a 
trumpet-shaped extremity. A Florcneo flask might he heated, 
and made flat, so as to answer liolter for some purpose's, 
'llio drawing out of tubes into a tapering form, suitable for 
introducing liquids through ?;i.dort tubuliires, wms thus I'asily 
effected ; and in all eases the sealing of large tubes was ben er 
<romniciiced in this way, although the lilowj^ipc might be 
necessary to closj a capillary opening which could not be 
closed by the tire. 

Dr. Hare further commuiiieatod a method of preparing 
pure chlorohydric acid, from the impure muriatic acid ot cora- 
nacrcc, by the action of sulphuric axdd. 

VoL. V — No..2ti, Auffusiy 1840. 
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a]>])aratus attachefl to it, was raisiMl out of a launch 
alongside liy tin* derrick of Xo. 5 , liiin]>, and lowered into the 
water so as to rest a little ahove the surface, Avliero it remained 
suspondcjd by the bull-rope of the deniclv. Jlall was then 
sent dr)wn, and made liust a down luuil rope with a single 
slieave block to a solid piece of tinibt*r, which he 1‘onnd at the. 
bottom of the craUa* ]>rodiu ed hy the morning’s e^pl(ision. 
lie came uj), and h;nided over the end of this rop<‘, wliich >\as 
attached to the cylimha-, to which a couple of ]»igs of ballast 
were added, to make it sink tnore easily ; alb r which it was 
lowered from Xo. o linrij), and acconi]>anied in its descent by 
Hall, who hail a line attached to it in his hand, and who made 
signals to tire men al)ov(\ either to lower or occasimiaily to 
raise, or to move the cxliiider to the eastward or westward, as 
re()uired, until h(‘ guided it into its ])ro])er jdace, where lu' 
lashed it to the limber Ix'l'ore-mcniioiKal. At aboiU a ({iiarjer 
]>ast two o’chx k he canu' iij), aiul reported that it was ])ro|)erIy 
plac(»(l. Whilst Ixdng lowered, tlie voltac* conducting aj>pa- 
ratus att;u*h(‘d to tlic cylinder was* vetoed nut, and the* otlu r 
end of it was taki'U on hoard No, i lumj), and ))]ared near tin; 
voltaic battery, wlaue latMiKuiant Symonds now stationed him- 
self. N04 lump was then reiiuived to th(‘ dislancc of 70 or 
80 yards t(» the; southward of tin; spot where tlu* evliudor 
had been let down. All bi*ing now ready. Colonel IVsley, 
wbo n'mained in that lump, onbaed his bugler iirst to bound 
tlie pnT}>aralivc,” and in abr»nt a minute afterwanls ‘‘ the 
fire.’’ At tliat moment Lieut, Symonds (a)mpleU*d tln^ cinaiit 
with the voltaic battery, and an immediate ex]dosion took 
place, the sliock being felt and the T(*])ort lieard at the same 
instant. In a fi;w seconds afp-rwanls the surface rose thn'e <»r 
four feet in a circle of moderate si/e, from llu' ctaiter of which 
almost immediately afterwards, a splendid colmim of water at 
least 50 feet high, and of a conical form, w^^s thniwn up, 
beautifully sparklirxg in the sun, which was hailed by the 
hearty cheers of all the workmen cmploytal, us well as the ihi- 
merons spectators, and soon after several large fragments of the 
week came floating uj) to the surface, which j)roved to be the 
lower part of the main-mast, "rho form of the column of 
w^atcr was not so regular as on ftirmer occasions, owing to the 
strong wind whicli acted n])on it. Wln*n it fell down again, 
clear circular t^aves spn;ad outwards from the same centre, 
making a groat commotion at the surface, and causing No. 4 
lump, which w^as nearest to the c*x])losion, to pitch a good deal. 
Si)on after this the mud from the bottom came up, blackening 
the same circle of water, which sprc'ad outwards, discoloring 
the surface as it extended, and at the same •time stilling the 
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swell ol’ the sea for a space, of perhaps ‘200 yards in diairieter. 

A great niunVier ol‘ small iish caiuii up (h ad, as on former 
occasions, which wa‘re picked up V)y the boatmen. More than 
50 yachts or larg(! sailing boats cahi(» out, w hose decks were 
covered with sjiectator.s, among whom wi-re a great miinber of 
ladies. The two admirals and the gemnal commanding the gar- 
rison, with a great number oi' naval and military olhcc i>, and 
most ol the ollictMS of lh<^ dockyard,# witli th(‘ir jlimilies, w*(*re 
pn\sc)il, many ol'whom went on board the two himj s to lia\ e a 
l)etterview’ of llie o])erati(nis. d‘he deck of the Success tVigate 
w^as also crowdi'd with s]>ectators. Tli(‘ lli'-hop of Norw it li, 
the Astronomer lirnah and llie llussian CoiiMil-Cieneral were 
jircsciit. 

'The cylinder usi‘d on tJjc 22n<l w as of wood witii iron lioo])s, 
liki* a mooring buoy, inad4‘ l)\ Mr. Harding, tlie mastt r capstan 
maker, in ( duilham dockyard.,* and ]n*oteiUe<l l>y two coats of 
cativass and stw cial coats c»l‘a w'aler[)rool cennposition di.'^covcred 
hy Scrgc'ani-Maipr ^.lones, which by numerous t‘X])eriments 
to compare it with ttlier com])«Kvitions, hy order of 
Cadomd Pasley, was I’ouud to he far sn]a‘riov to any in former 
use. as it combines ab.solutt' resisiatu*e to tlie greatest pressure 
of water with a < ertain degnM* (»l’ elasticity that do»'s mU allow 
it to crack, d'his skilhil and zealous ollicer and a ]*arty ot 
Koval .sappers and miinu's have been most useful in all the 
operations.* atnl since one of the three exeellent ])rofessioiial 
div(‘rs engagi'd w'asoldigrd to givi* u]) on account of ftl-health, 
Corporal Harris has supjdnHl his ])lace, atid u'ade liim.^elf 
much mwe iisi'fid in that ca]»acilv than could havt' beeii ex- 
])ecU*d from so slant an a])pivnticcshi]^, lor he has imly w'tnkod 
two weeks in tliis dt'jKirtment. Heshh s tlic divers, whose ser- 
are t>f the most csstwtial im]>oitance, the doekyard rig- 
gtn*s under Mr. Clew itt, of Portsmouth, aud James Chajniiau, of 
C'halhani yard, have gi\i*u (hi* greatest saiisfaclion, as well as 
the naval pensitmers, ab<nit 40 in niimber.^niost of whom were 
^ petty (>lhia»rs, and who, iliongh all middh'-aged or elderly men, 
have be<Mi extnuneh zealous and elhcient. The Lively sailing 
lighter, commanded hy Air. llarlield, goes backwards and f«n*- 
wards continually, and the seamen behmging to her are ke]>t 
ill constant euiployment in taking on boanl or landing the 
timbers and guns recovered from the w’veek, of the fc>rmor ul 
which aniinmenso pile has been deposited in Poftsmoutli dock- 
yard. Uie whole is su]>erintended hy lAeul. Syinomls with 
great skill and indefatigable activity, who carries on the work 
at eveiy slack tide, except w hen it blows a gale a]»}>r‘'achiiig 
to a hurricane, that is, always twice, and sometiim s thrt'e 
a day, accordin^«to the moon’s age, and nevi^r goes on Vliore 
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but on Sundays, ('ol. Paslry usually out to Sj>idi(’ad 

oiu'ii -a day, v, lion liis dmy nT,uiros liini at CMiatluim, 

wlicre lit* ]):isso.s alxait lialf his tiuN*. massy t>ak timhors 

n]>()n wttirli iho roannast mal mizoitmasi wi n* stoj>])v*(h ilia 
art(*v-])art of tho laad, tin*, v. hou* stovn]U)si and doa«! wuod ovia- 
it, and an imnn'nso naiss of da* siarlawnd hov., v, <»n 

the kael, woi;;inn*r inoiv than ions, and ^^ !lu•]I Kn^/t Kt-d 

tlo’vn alioat (‘i;.dit nnmlli*; a;?;'> l»\ tin* l ist uiriMt -n 

haviii'j^ ho(*n ;^tit up liiis srastni, to:4oihi‘r ivlili tin* h(‘fl 
of th(* luaininast havin*,^' !ua‘n disi‘»i,<';:i;j:od I'. iUii iis sti‘p hv tin* 
j:;rt*.al t*xph'>-ioji ^vhich nc jusl th'.-rnlx d t in uai- 

si.iiua-s sl'.ov.- that ill'* don.uilition and vanio^al of ^vrock Iro’o 
•.'XtOM’h'd mxnly (o l!io hott'na tii llu- roal al o j:r»»vr 

dial dm* nind no londt‘nt‘y l # a. t*mrinl.i{*‘, lail is tk;n*(‘!i 

a'vav l>v tho ardon ol* da* in pr'opojaion as fin* upjMM 

an tloinolishad ami i'fi!»ov»’d. d in* rdiTt 
of lln* last oxjdosion conld noi In- asooi iainod, as tin* ti<h‘ ran 
too stron.'j Idr I fall, tin* tllxor, mIio ua nt^doun a;j,.iin ali;**.* »!, 
to ([iiii hi'' la<l<h*r, hut it is jirnsiian tl that it will ha\ a blown 
onl tin* larboard sidn ol‘ f In* w rnnk. and tlia.t if will lia v r laokni 
np lindM'vs in all dirat tions, pn)h.d>lv frat toi im*: not * ad\ tin* ''top 
of tin* niainifiasf, hut tin* kflsfui ami kia l hrK»*,, ii. 'Tin* st.u*- 
hoard si(h* o]»posito was shatlt'rt'd ainl thr>v\vn d >wn l>y lln* fust 
j^rnat t*X])h)sion t»l’ Is.i’l. t 'iion tln-wlndn. tlnanj:]! t»pini»»ns 
wan* vt‘ry murh divithal at hist, ami }>. rli.ip> •j;fm‘rally luda- 
vorahln, vlion* stH'iiis t*vt*r\ r%*a.son to hojm, dial l>t (ho* tin* rnd 
of tin* srason tin* wholr rif tin* wrack ol tin* Ihnal <h*or;4i* will 
hav(^ hccn suihcicndv nanovi d to ciiahlc \»'s,^i-ls to an» hor o\ (*?• 
tlin spot wiilnait iin urrin;^ tin* risk ot losinj.^ their anchors and 
<*al>h?s. II’ so, prohahly tin? j ovcnnu(*nt iua\ he indm ed tfi 
ruriiovc tin! wreck of the Pd^^Mr also, |*n>m wliich l/ieui. Symowds 
recovered iiv<! iron pnis duriiiL^ Col. Pasjey's last olli^ial vi.-ir 
to Cliathain, die surface of w hich, after an inn*iersi<»n of I 
years, proved to converUnl into very soft carlniret of iron 
or jiliiinba^o to a considi'rahle depth, <»n iviiio\in^ the iiias^ of 
oysters, &c., with which they wa're incnistcd. d ht'se tpuis an* 
remarkable (or licin;^ uni<*h tliicker at the brei,*c.li aiul tl)iiiin*r 
at the muzzle tliau tj^nns «>! the same (•aliiut* of mon! imulern 
constnictifin, Iroin which iIkj ifoii guns rccovert'd from the 
Royal George differ very little. 


The Atmospheric Railway Carriages. 

It is upwards of a year and a half since w'e described the 
experiment made by Mr. Clegg, in the borough, on the mode 
of p/opelling carriages by means of exhausting a pipe, or tube. 
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with which the carriages tvcre connected, and theh admitting 
the atmospheric air, and, as it were, forcing tiie carriages or 
train along, and thus superseding tlic nocesaity of gas or any 
other power for the conveyance of a train along a rail or tram- 
road. 'riicsc experiments were very successful ; indeed, so 
successful, that hnv persons ha<l any doubt about the ultimate 
success of the principle of the invention. On 'I'liursday tha 
oxi)criinontfi wore exhibited on a large scale, on a railroad 
which connects, oris intended to cfjuncct, the line of the Bir- 
mingham, the Bristol, and the Thames Junction Lines, coin- 
mcming within a short distanct; of Slicpherd’s Bush, and 
rijiuiing i)i a westerh direction for about three (juarters of a 
mile. 'I'lio carriage put iji motion, with tlio jtersnn.s on it, 
did not weigh inucli less than 12 tons; hut it travelled with 
great ease at the rate of 2r> miles an hour. Tiio exhaustion 
pipe, or tube, laid dow n, w hich was not the pr(>p(>lliug agent, 
hut the meatis of devcIo])ment, was about ft inches indiameter. 
The ciigim* by which it was exhausted — namely, a pump, 
worked liy s^cam— -nmdered^it li> for the operations required 
in alxuit two mitmics am! a lialf; and from the index, that is 
(juicksilvt'r, employedrit the ttmiiiii, it was ascertained that 
the *>peration was [icrfonned simultaneously at both ends of 
till.' line. Tliere wqs no noise, no smoke, and, what is better, 
no danger of explosion, or of a jmwer which could not be 
governeil. In short, the oxjieriment was as sncccssful as its 
tui>st warm w el!-wir'hers conld expect, and shewed •that the 
agi'iicy of steam is not a sine tjuti non on a railroad. Without 
going into the minute history of raihanuls, it may he as well 
to say, that this junver may he apjilied to any railroad at a 
saving of about 70 per cent. ; and that it is of .sullkienl force 
to ^weclude the necessity <>f Inimelling. It is apidicable to 
almost any gradients. I he exjicrimcnts were attetided by u 
itreat number, of the nobility, ami hv many .sc ion title men. 
'.I'ho .\rchhi.shop of Cunterhury, Lords t’harleville, Ko<lstock, 
ttiwl Prudhoe, the Marejuis of Douro, Lort{ llowick, and laml 
Stuart lie llothsay, &e. were on the ground, and cxpl■e^^od 
their satisfaction at the result of the experiments. — Timt s. 


Frog found in Coal. 

On Wednesday morning, as two colliers, Oohrge Bo^s .nui 
James (lardnor, were in one of the rooms of the Old Muir- 
field Pit, at Gargicston, they found a living frog emhodsod in 
tile solid seam of’ coal, at least twelve fathoms beneath the 
aurfaee of the earth. The nich in which it hail livetl^ was 
perfectly smooth ainsido, of the exact shape of tlic frog', and 
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without a erack or crevice to give admittance to air. The 
hind legs of the animal are at least a third longer than usual, 
the fore legs shorter, the toes longer and harder, and its gene* 
ral coloiif 18 of a hronze hue. It leaped briskly about, the 
moment that it was excavated from its narrow cell. How 
many centuries it has been shut out from light and air, and 
jentombed in its dreary dormitory, it is impossible to say — cer- 
tain it is, that, although diminutive in form, and with great 
. brilliancy of eye, it has a most antediluvian aspect.-— iScofcA 
paper. 


On the separation of Lime from Magnesia, and on the Assay 
of Gold. By Lewis Thompson, Esq. M. II. C. S. 

To separate Lime from Magnesia. 

Dissolve the combined earths in dilute nitric or muriatic 
acid, and precipitate the fdtered solution by means of an excess 
of carbonate of soda ; dry the precipita.^',. and place it in a 
coated green glass tube, so disposed that the whole can be 
heated to a dull red heat ; when red hot pass a current of 
well-washed chlorine through the tube for a few minutes : the 
lime will be diverted into chloride of calcium, but the mag- 
nesia remains unacted upon. When the whole is cool, remove 
the mass from the tube and. boil it for a minute or two in 
water, filter the.liquid and wash die insoluble portion (which 
is magnelbia) with water, and precipitate the lime from the 
mhtwtliquors by carbonate of soda. The heat should not 
exceed a dull red, as the mass is apt to become vitrified at 
the part which touches the tube, and this renders it difficult 
to remove the contents. • 

* Tg Assay (jold. * 

Take six grains of the gold to be assayed &nd place in a 
amali crucible, with fifteen grains of silver, and from eighj^to 
twelve grains of (Sdoside of silver, , according to the supposed*^ 
iippurity of the gold ; lastly add fifty grains of common salt 
|(^loride of sodium) reduced to fbe powder so as to prevent 
oef^ejiitadon ; fuse the #hole l^gcdier for five minutes, and 
aQow it to become cold ( then take out the metallic button 
and beat U ij^o a i^n plate, and subject it to the action of 
difote'aiteic acid as In the ordinary mode of parting. By this > 
plan ^e tedioua process of cupellation is avoided, the baser 

and 
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of' a vacuum to elect ncal phenomena, §, 19. Nature of the dec* 
irical carrevt. 


(ConiuiHed from page 5i84^. 


l 6 l 0 . The latter experiments (I 6 O 9 .) may therefore be consi- 
dered as failing to give the hoped-ibr proof, but I have much con« 
fuUnice in the former > 608 .), and in llie considerati<»n.s 

(I 6 O 8 ,) connected with them. If I have rightly vicwcil them, 
and we may be allowetl to relate the currents at poinisand surfiiccs 
in such extremely different biKlies as air and the metals, and adinit 
that they are effects of the ^a7nc kind, differing only in degree^ and 
in proportion to thn iasulatiiig or coiiducUng po>vcr al’thc dielec- 
tric used, what great acUlitional argument wo obfciin in favour of 
that theo^, which in the phenomena oi' insulation and c<mc!uction 
also, as in these, Wotdd lipk same apparciKly dissimilar &ub- 
VoL V. — No* AWwfcr^ 1810. ^ ^ 
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stances together tiKil.); and how completely the geiierii 

view, winch refers all the phenomena to the direct action of tiu 
molecAles of matter, seems to embrace the various isolated pheno- 
mena as diey successively come under consideration ! 

ibl 1. The connection of this convective or carrying effect, which 
depcmds upon a certain degree of insidatioii, w'ilh condiution ; i. e. 
the occurrence of both in so many t)f tin* substances referred to, 
as, for instance, the metals, water, air, &c., would lead to many 
very curious theorotical general izatitn is, whieli I must not indulge' 
in here. One |H)int, liowcvi*!-, I shall venture to refer to, ('on- 
diictio]! appears to he essentially an action of contiguous particles, 
and the <-(insi(l('rations just staU-d, toge ther with others formerly 
expressed 1 ;>:>(», vSic ), lead to the (‘oni'lusion, that all hodii*? 

conduct, and by the same process, air as as metals : ilie «>niv 
ditrerciice being in the necessary <legrec of force or tension between 
the particles which must exist be fore the act of' conduction or 
transfer from one jwrticle to another can take place. 

The ({uestion then arises, what is this limiting condition 
which sej)aratc.s, as it were, cojiduction and insulation from ca(‘h 
other Do(*s it consist in a difl’ereitec between tIu' t'vo contiguous 
particles, or the contiguous poles of these particles in the nature 
and amount of positive and negative force, no eonmnmication or 
tlischarge occurring unless that dItIcVence rises up !*♦ a certain 
degree, variable for different bodies, but always tl:e same for the 
same body? Or is it true that, however small the difference be- 
tween two such particles, if /owe be allow ed, ecjualization of force 
will take, place, ev<‘n w’ith the particles of such bodies as air, sul- 
phur or Iric ? In the first case, insulating powiT in any particular 
liody would ho proportionate to the degree, of t lie assumed necessary 
difference of force; in the second, to the fhne recjuired to c(jualiz( 
e(pial degrees of difference in dilFerent bodies. With regard to 
airs, one is almost led to export a p(*nnancnt diffcreiict' of’ force, 
l)ut in all other Ixidics, lime scern.s to be cpiite sufficient to ens :re, 
ultimately, complete conduction. Tlie difference in the modes by 
which insulation may be sustained, or conduction effected, is not a 
mere fanciful point, l^t one of great importance, as being cs.sentially 
connected with the molecular theory of induction, and the m^^ mui. 
in which the particles of l)odit's assume and retain tiu'ir polarized 
state. 


xi. Jlelaiimi of a vacuuifi to c(tr1t iral phcnomnia. 

1613. It wVaihl seem strange *if a theory wliich refers all the 
phenomena of insulation and conduction, i. c. all clcctri<'al pheno- 
mena, to the action of contiguous particles, were to omit to notice 
the a.ssumed pos.siblc case of a vncntivu Admitting that a vaciiinn 
can be produced, it wouhl be a very curious matter indeed to 
knov what its relation to electrical phenomena would lie ; and as 
shell-lac and metal arc ilirectly opposed to ciu^h^ other, whether a 
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vaciiiun would be opposed to tJiem both, and allow neither of in- 
duction or conduction across it. !Mr. Morgan"* lias said tliat a 
vacuum do(*s not conduct. Sir H. Davy ctmcludcd tiovn his in- 
vestigations, that as jjcrfect a vacuum as c*ould be madef did 
conduct, but does not consider tlu^ ])rc|)ar( (l spaces wliich he used 
as absolute vacua. In such experiments i think I ha\ <* observed 
the Imninoiis discharge to be piincipally on the inner surface ot 
the glass; and it (iocs not appear at all unlikely, that, if the 
vacuum refustal to conduct, >tiil tin* surface of glass nc\l it might 
carry on that action. 

l()l K At one tinn*. \vli(‘n I thouglit inductive force was exerted 
in right lilies^ I hoped to illustrate lliis important (luestion by mak- 
ing experiments on induction with metallic mirrors (used only as 
conducting vessels') c‘.xpr>scd towards a very clear sky at night time, 
arul of such concavity that nothing but the lirnianent could be visible 
IVom tlic lowest part of the concave n, fig. tif), plate iii. Such mirrors, 
when electrified, as by connection with a Leyden jai;^ and examined 
by a carrier ball, readily gave electricity at the lowest part of their 
concavity if in a r<»oin ; but I was in hopes of finding that, cirenm- 
stanced as before sJotQil, they w’ould give little or none at the same 
spot, it' the itifiosphere above rwilly terminated in a vacuum, I wa^ 
disappointed in the conclusion, for I obtained as much electricity 
there as before : but on (lif?coveriiig the action of induction in curvccl 
lines found a full and .satisfactory ex|>laniitioj) of the result. 

1 f) 1 My theory, far as I have ventured it, docs not jirctcml to 
decide upon the conscij lienees of a vacuum. It is not at present 
limited snlficiently, or rendered precise enough, either by ex])eri- 
meiits relating to spaces void of matter, or those of other ^kinds, to 
indicate what woukl happen in the vacuum case. I have only as 
yet endeavoured to estab^i.di, what all the facts seem to prove, that 
when electrical pheiunncna, as those of induction, conduction, in- 
sulation ami discharge occur, they depend on. and arc produced by 
the action of jiarticles ofanattcr, the ncxtc\i>ting particle 

bc*r#ig considered as the contiguous one ; and I have furtluT assumed, 
that tiu'se particles arc }>olarized ; that each exhibits thi' two forces, 
or the forve inAwo ilirections (LJp.'f. 1 -fkS.) ; and that they act at 
a distance only bj ;u-ting on the contis^uous and intermediate par- 

KUo. But assuming that a perfect vacuum were to intervene 
in the course of the lines of inductive action (1304.), it tloes not 
follow from this theory, that the particles on opposite sides of such 
a vacuum could not act on each other. i;>uppose it possible for a 
positively electrified particle to be in the centre of a vaeimm an inch 
in diameter, nothing in my ]m’seiit views forbids ^lat the partii h' 
should act at the distance of half an inch on idl the ]);n‘tjelcs f'oi iu 
ing the inner superfiees of the bounding sphere, and with a force 
consistent with the nvell-known la>v of the s(piare>« ol’ ilic distance. 
But suppose the .sphere of an inch were full (»f lUMil-uiug nialtcr, 

• PliUosophiciO lirtiuactioii'., I7S.>. p. \?7-V ■ I'*-*'. P 
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• the electrified p.irtide would not then, accordiui? to my notion, act 
directly on the distant particles, but on tlioso in iniracdiatc associa- 
tion w-ith it, employing zi// its power in polarizing them ; producing 
in them negative force ecjual in amount to its own positive force and 
directed towards the latter, and positive force of*ef|nal amount <li- 
rected outwards and acting in the same manner upon the l.iyer of 
particles next in succession. So that ultimately, those particles in 
the surface of a sphere of half an inch ratlins, whicli were acteil on 
direclh/ wh(‘n that sphere was a vaeuiini, will now be acted on 
as respeets the central particle or source t»f action, i. c. 
they will be polarized in the baine way, /md with the same amount 
of* torcc^ 


§ 1 ! L Suture of ike t:U ciric curt\ nt . 

Hi] 7 . The nord c.v;vy;// is so c.vpn*ssi\e in common language, 
that will'll appli(‘d in tlie eonsitliTation of electrical pheiumu'iia we 
can hardly divert it snllicii nlly of rts nu'aning, or prevent our minds 
from being prejiidietMl by it (‘2S.J. .Of L). 1 shall use it in its com- 

iii<« 1 electrical sense, namely, to express gciea*ally a certain cmidi- 
lion and relation of electrical foiccscaipposed to be in progvessiim. 

ibis. A current is produced ' oth by exeiteinent and diseharge ; 
and whatsoever the variation of the tuo g'f^nerai caiist's may be, the 
effect remains the satuti. Thus excitement may occur in many 
ways, as by fiiction, chemical action, influence oI‘ heat, i hangt‘ of 
condition, induction, &c. ; and dii,charge has the forms ol‘ conduc- 
tion, electrolyzation, disruptive di»ch:irge, and convection ; yet the 
current cynncctcd with these actions, when it occurs, appears in all 
cases to l)e the same. This constancy in the character of the current, 
notwithstanding the particular ami great variations which may be 
made in the mode of its occurrence, is exceedingly striking and im- 
portant ; and iUs investigation and devel()pmeiit promise t<» supply 
the most open and advantiigeovvs r«>nd to a tnu‘ and intimate nn- 
(Ujrstanding of the nature of clcctricMl^forccK. ^ 

lb 19. A.> yet the phenomena of the current have presented 
nothing in opposition to the view I have taken iff lh« nature of 
induction as an action of contiguous particles. 1 have endtatvoured 
to divest myself of prejudices and to look for contradictions, 

* have not perceived any in conductive, electrolytic, convective, or 
disruptive discharge. 

ibSO. Looking at the current as a cause, it exerts veiy extraor- 
dinary and diverse powers, not only in iU course and on the bixlies 
ill which it exists, but collateralfy, as in inductive or magnetic 
plienomcria. ^ 

lOidl. Elecirolylic action, — One of its direct acti<»na is the exer- 
tion of pure chemical f‘orcc, this being a result whicli has now been 
examined to *ii considerable extent. I’he effect is found to be 
constant and de/inite for the quantity of electric force discharged 
; and beyond that, the b//cw.v//v re/Juired is in relation 
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to the intensity of the affinity or forces to be overcome 
911 ,). The current and its consequences arc here proportionate; 
the one may be employed U> re])rcsent the othi r ; no part of tlic 
effect of either is lost or gained ; so that the case is a strict one, 
and yet it is the very case which most strikingly illustrates the 
doctrine that induction is an action of contiguous particles (Il() 4 . 
131.3.). 

The procc'^s of electrolytic <lischarge appears to me to be 
ill close analogy, and perhap.s in its nature identical witli another 
process ol* discharge, which at first seems very different from it, 

I mean ronvedion. In the latter case the particles may travel for 
yards across Ji chamber; they 01 : 13 '^ produce strong winds in tlie 
air, so as to move maeliinery ; and in fluids, as oil of turpentine, 
may even .‘<hake tlie hand, and carr}*^ heavy metallic bodies about ;* 
aiicl yet I do not see that the force, either in kind or action, is at 
all different to that by which a particle of hydrogen leaves one 
jiartiele of oxygen to go to another, or by wInYh a particle of 
o.vygen travels in tlie contrary direction. 

l(rJ3. 'I’ravelling particles «)f the air can effect chemical changes 
just as well as tlu^contact of a fixed ])ialina electrode, or that of a 
combiiting electrode, or ionso^a decomposing electrolyte (453.471 ); 
and in tin* experiment formerly described, where eight places of 
decompo.>ition were renTTered active hv one current (tbff), and 
where charged ])artieles of ’air in motion were the only electrical 
means of connecting.these parts of the current, it seems to me that 
the action of the ])articles of the electrolyte and of the air were 
essentially the same. A particle of air was rendered po.sitive ; it 
travelled in a certiiiH' determinate direction, and coming Jto an elec- 
tnfiyte, communicated its powers ; an ecpial amount ot po.‘iitive 
force was accordingly ay^piircil by another particle (the hydrogen), 
and the latter, so chargc<l, travelled a.s the former did, and in the same 
direction, until it cauu* to another particle, and transfer red its power 
and motion, making that other particle active. Now, though the 
piJrticlc of air travel jc<l ovei^a visilfieand oce.iMonally a large space, 
whilst tlie particle of the electrolyte moved over an exceedingly 
small one ; tfiough tlie air particle might be oxygen, nitrogen, or 
hydrogen, receiying its tdiarge from force of high intensity, whilst 
electrolytic particle of hydrogen had a natural aptness to receive 
tlie positive condition with extreme facility ; though the air particle 
might be charged with very little electricity at a very high intensity 
by one process, w hilst the hydrogen particle might be charged with 
uiiich electricity at a very low •intensity by anotlier process; these 
are not differences of kind, as r^ates to the final discharging action 
of these* pirtieles. but only of <legree ; not essential (Kfiereuees which 
make things unlike, but such tliflerences as give to things, similiar 

• If 11 meUiUit' vossol* three or four iiielies deep, containing oil ot (iirpcntino, 
in' iiiMilated and oleolriticMl, and a rod with a ball ^an inch .‘r incrc in ilianicicr^ 
at tho end, have die ball iiumorsod in tho Ihiid whilst, (he end is held in ihe 
hand, tho inerhanicHl force irenora ted when the bjill i'.* nio\cii f<' ana 
aides of tho vossci 'vift s-uon be evident to the expcnnicntcr. 
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in their natiiws that great variety which hts them for tlunr office in 
the system of the universe. 

16^24*, So when a particle of air, or of dust in it, electrified at a 
negative point, moves on througli tlie influence of the inductive 
forces ( to the next positive surface, and after discharge passes 
aw\ay, it seems to me to represent exactly that particle of oxygen 
which, having been rendercil mgative in the electrolyte, is urged 
by the same disposition of inductive forces, and going to the positive 
platina electrode, is there discliarged, and then passes away, as the 
air or dust did before it. 

J/cai is another <lireet efteet of the eurrc/il upon subf-tances 
in which it occurs, and it becomes a very important (juestion, as to 
the relation of the electric and heating forces, wliether the latter is 
always definite in amount.'^ There are many eases, even amongst 
bodies which cfinduct without change, which stand out at present 
IVom the assumption that it is ;+ but there are also many which 
iTulicate that, wjieii proper limitations art* ajiplied, the heat pro- 
duced is definite. Harris has shown this for a given length of 
current in a metallic w ire, using common elec tricity ;% and De la 
Hive has proved the same point ibr voltaic electricity by his beau* 
tifiil application of Breguet's thertnoiiiicter.§ 

l(r2(). When the production of heat is observed in electrolytes 
under decomposition, the results are siilTmore complicated. But 
important steps hfive been taken in the investigation of this branch 
of the subject by Do la Kive|| and 4)thers ; and it is more tlmn 
jrrobable that, w hen the right limitations are applied, constant and 
definite results will here also be obtained. 

• 

1627 * It is a most important pari of tlie character of the current, 
and essentially connected with its very naVire, that it is always the 
same. Tlie two ftirccs are cverywluTC in it. 'fhere is never one 
current of force or one fluid only. Any one part of the current 
may, as respects the presence of the two forces there, be considered 
as precisely the same w'ith any other jfart ; ami tlie iiume»'ous ex- 
periments which imply their possible separation, jjs well as the 
theoretical expressions wliieh, being used «laily, cas.sumc it, arc, I 
think, in contradictit)!^ with facts (.^N , ^t.). It rppears to inc^to 
be as impos.sible to assume a current of positive or a currerft 
negative force alone, or of the two at once with any predominance 
of one over the otlier, as it is to give an absolute charge to matter 

(1169. 1177.)- 

1()28. The conviction of this trufli, if, as I think, it be a truth, 
or on the other hand the disproof />f it, is of* the greatest conse- 

• See De la Itivo’s JU).<^*archo«i, llib. Uiiivorsello, JH‘2!>,xl. p. 40. 

f Ainonj'St others, Davy, rhiloAuphiriil TransoctionA, p. 408. Telle, 

tirr's important results, Aimalr.s de </himie, IH.1I, Wi. p. 171. and KecquererA 
lion heatiiijr current, llih. UuiverselU;, Iv. 2lH. % 

\ PhilosophicalTranMoetfonw, |H‘4M,^pp, 22H. 

is Aunairs do (Hninie, IKiU, ixif. 177, 

;{ nib. rnivoiHoIl.*, IH20, xl.40; and Kitrhio,J'hil, 'fruns. 
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cjiience. If, as a first principle, we can establish tlmt the centres 
of the two forces, or elements of ford*, never can be separated to 
any sensible distance, or at all events not further than tire space 
between two contiguous particles (101.5.), or if \vc can establish 
the contrary conclusion, liow much more clear is our view of what 
lies before ll^^, and how much less embarrassed the ground over 
which we have* to pas-c in attaining to it, than if we remain halting 
between two opinions! And if, witli that feeling, we rigidly lest 
every experiment which bears upon tlie point, as far as our preju- 
dices will let us (IH)I.), instead of j»ermitting them with a the<»- 
retical exj)r(!ssif)n to pass too easily away, are we not miidi more 
likely to attain tlie real truth, and Irom that proceed with safety to 
what is at present unknown * 

I say these things not, J hope, toadv.ioeea particular view, 
but to draw the strict attention of tho'-e who are able to investigate 
and judge of the matter, l(» what must be a turning point in the 
theory of electricity ; to a separation oft wo n)ads, one only of which 
can be right * and I hope? I ni*ay be allowed to go a little furtlier 
into the facts which have driven me to the view 1 have jast given. 

lbV>(). When a M'inK* in the voltaic circuit is lieated, the tempera- 
ture Ircipienfly rises first, orinost at one end. If this t‘flrect were 
due to any relation of positive or negative as respects the current, 
it %vo\dd 1)0 exceedingly important. 1 therefore examined sevtTal 
such oases ; but when, keeping the contacts of the w ire and its 
position to neighbouring things unel>anged, I altered the direction 
of tJie current, I found that tlie effect remained unaltered, showing 
that it depended, not upon the direction of the current, but on 
other eircunistanees. So there is here no evidence of a ilifference 
between one part of the circuit and another. 

1(5.') I, The same pointy i. e. uniformity in every part, may be 
illusttated by what may be considered as the inexliausilble nature 
of the current when producing particular etlects ; for these effects 
depend upon transfer only, ami <1^ iu)t Ci)nsume the powH?r. Tims 
a ijiirregt which will heat onfr inch of platina wire will heat a hundred 
inches note). If a current be sustiiiieil in a constant sUite. 
it will ileeompose the fluid in one voltameter only, or in twenty 
others if tliey Iv placed in the circuit, in e^ch to an amount eipial 
'♦•/.A'kat in tJie single one, 

lb3‘2. Again, in cases of disruptive ilischarge, as in the spark, 
there is frequently a dark part (14"22.), which, by Profes.sor .Tohnson. 
has been called the neutral point ; ainl this has given rise to the use 
of expre.ssions implying that There aie two eleetrieilies* existing 
separately, which, passing to thjt spot, llu»re combine and lUMitra- 
lixe each otherf. But if such expressions are uiulerAood as t'orricaly 
indicating that positive electricity alone is, moving lietwtH'ii tJie 
{Kiaitive bM tmd that spot, ami negative electricity only Ix^twccn 
the negative ball and that spot, then what strange conditions those 


• SiUiman H .loumal, mat, xxv. p. .i7. 

h ThoniHOU on llflit ami Klirotricil v, p. 4T I . 
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parts must bp in ; coiulitions, which to my iiiiiid arc every way un- 
like that which really occurs ! In such a case, one part of a current 
W'ould consist of positive electricity only, and that moving in one 
direction ; another part would consist of negative electricity only, 
and that moving in the other direction ; and a third part would 
consist of an accumulation oi'tlie two electricities, not moving in 
cither direction, but mixing uj) togetluT, and being in a relation to 
each other utterly unlike any relation which could he supposed to 
exist in the two former portions of the <liseharge. 'I'his does not 
seem to me to be natural. In a current, whatever form the dis- 
charge may take.or wlialever part of the circuit or current is referred 
to, as much positive forc(‘ as is then* exerted in one direction, so 
much negative force is tliere e\<*rted in tlie other. Jf it Avere Jiot 
so we should have liodies electrified not merely positive and nega- 
tive, hut on occasions in a most exlraonliii;iry manner, one being 
charged witli fivt*, ten, or twenty times as much of both jiositive 
and negative ehu-tricity in ecpial quantiti(‘s as another. At present, 
liowcver, there is no known fact indicating* sucli states. 

Ib.Kh Kven in eases of convection, or carrying discharge, the 
statement that the current is every where tlic same, must in eftect be 
true * hoAV, otherwise, fould the results formerly de- 

scriheil oeeur i' When currents of air constituted the inorh* of 
discharge between the ])ortions of paper "*^moi8tened with ioilide of 
potassium or sulphate of soda ‘Ibf)*)' decomposition occurred ; 

and I have since ascertaiiK tl that, Avlielhcr a current of jiositive air 
issued from a spot, or one of negative air passed towards it, tlie 
cflect of the evolution of iodine or ot‘ acid was tlic same, Avhilst the 
reversed currents produced alkali. So also in the magnetic experi- 
ments (307-) Avhether the discharge was clfectcd by the introdue- 
tioii of a wire, <»r tlie occurrence of a sparjf, or the passage of con- 
vective currents either one way or the other, (depi‘nding on tlie 
electrified state of the particles) the rt ^ult was the same, being in 
all ca.ses dependent upon tiie perfect current. 

Hence, tlie .section oi‘ a curreiA. compared with ot^er sf'e- 
tionsof the same current must be a constant cpiantity^ if the actions 
exerted he of the saint? kind; or if of diflerent kinds, then the forms 
under which the effect^ are produced are etjuiviilent to each other, 
and experimentally convertible at pleasure. It is in sections, tli^-re 
fore, we must look for identity of elt?ctrical force, even to the 
sections of sparks and carrying actions, as avcII as those of wires 
and electrolytes, 

163 . 5 . In illustration of the utility anti importance of establish- 
ing that which may be the true jorinciple, I will refer to a few 
case.s. The? doc^rint? of unipolarity as formerly stated, and I think 
generally understood,’! is evidently inconsistent with my view of a 
current (1627.); and the latter singular plicnonicna ol' poles and 

* fVriian, Annal<*s dc Cliimic, 1807, Ixi. p. 115. Davy's KlcmmtA, p, )0rt. 
Biol, Kiioy- Brit, Supp. iv. p. M i. bccqiirnd, Xittitc, i. y>, 107. Iht ta Hive, 
Bib, bniv. 18:37, vii. 302. 
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I By Dr. Paratby. 

(lescrUnjil hy Eruiua and othci's* partake of the«»ame iiicoii- 
sisto!i<!y of character. If a unipolar body could exist, i. e. one 
that could condiu’t the one electricity and not the other, what very 
new charactetrs wc should have a right to expect in the currents of 
single deetricilies passing through them, and Ijovv greatly ought 
tlicy to differ, not only from the common current which is suppose^] 
Up have both electriciti(?s travelling in opposite directions in equal 
auioiiut at the same time, but also from cucli other! The facts> 
Avhich are excellent, have, however, gradually been more correctly 
explained by Bec(iuerel,t Andrews,:}: and others; and I understand 
that Professor Ohuis§ has perfected the work, in his close exami- 
nation of all the phenomena ; and after showing that similar pJu> 
nomena can take }>lac‘e with gooci conductors, proves that with 
>oap, iS:c. many of the ctfccts arc the lUcre ctiiiscqucnccs of the 
bodies evolved by electrolytic action. 

J I conclude, therefore, that the /hefs upon which the iloctrino 
of uiiipolarity was founded are not advta'se to that unity and indi- 
visil)ility of cliaracter which I Ijnve .stated the current to po&sess, 
any more than the phenomena of the pile itself, which might well 
bear comparison witli^ those of unipolar boilies, arc opposed to it. 
Probably the effects M-hich havc^ been called effects of uni polarity, 
and the peculiar differences of the positive and negative surface 
when discharging into ^iSr, gases, or other diok^etrics (14S(i 
wdiich have been already referred to, may have considerable 
relation to each othcr.y 

M. <le la Hive has r<?cenl1y describcil a peculiar and remark- 
able effect of heat on a current wlu*n passing between t»lect/odes and 
H fluid.lf It is, that if platina electrodes dip into acidiilateil water 
no change is produced in the passing current by making the positive 
electrode hotter or coklcr ; whereas making the negative clcctrode 
hotter increased the deflexion of a galvanometer atfected \>y the 
current, fro\u to and even whilst making it c older 

diivJni.shed the current iji tho same liigh proportions. 

I(f38. ^rhat one electrode should have thi^ striking relation to 
heat whilst lhe\>ther remained absolutely w ithout, seem to me as 
incotnpatiblc with wh.al I conceived lobe the character of a current 
* uhi^mlarity (ibSi/. UJ.I.n), and it was therelorc with some anxiety 

* Mrmim, Amiales dr; Chiiuio, :i2TS. ll«'o*]\KTob It'hk wxvi. '.t'Jl'. 

t Ut?o^pUM’eb Anualee Ao Chim'u*, 1851, xlvi. p, 2Sa. 

] Amln’W**, Plul<isopliu n.l lS36,ix. 182. 

^ 8chinrigi;er’ji Jahrlmclitlor Chenu.s<&c. If eft 8. Not 

OorOMui, it is willi oxm*uio rogrrt I roufosj* I h:iv*' not lu'oess, uiui eaiiTi.'f <i(» 
t^ the maiiy most valaablo papJt-s in «'xpt»inu‘nul ol»^lrit ii> 

, Ml tlmt liiUguai^o. ! tako this opporlnuity «Im» of uuonior oirt'iimMfanr»» 

which owaaioiis me ^real ttiniblv, aiitl, as 1 Ihul by mav «»<• 

soi'inin^ly rogardh'fts of the lahtJurs of oihvvs;— it is a gradu.U -i nK «n*ry 
for sitjuo years pa.st; aitd'now, often when 1 iva<i a memoir, 1 Tom*’ii»bo. iJku I 
have seen it bofor»s and wn«ld have repdeej if al the vii^ht liin*' I h.ivo 

je*:i>lhM’tett and referred ti» it in the piMi^ress kA my tovn ■■ ’'I * ■ 

!; See also JNar«!> iti SlUimwti's deum.tl, x\iv. 218 . • 

•: Hii»Jiothc«pie Uint’'rv8cUts 1837, \it. ass. 
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that I repeated the experiment. The electrodcvS which I used wiirr 
of platina ; the electrolyte, water containing about one sixth of sul- 
phuric acid by w^eight : the voltaic battery consisted of two pairs of 
amalgamated zinc and platina plates in dilute sulphuric acid, an<l 
die galvanometer in the circuit was one with two needles, and gave 
when the arrangement was complete a deflexion of 10*^ or I ‘2^. 

163 c). Under these circumstances heating either electrode in- 
creased the current ; heating both produced still more effect. When 
both were heated, if cither were cooled, the effect on the current 
fell in proportion. 'fhe proportion of effect due to heating tllis or 
that electrode varied, but on the whole heating the negative secilied 
to favour the passage of the current somewhat more than heating 
the positive. Whether the application of heat were by a flame ap- 
plied underneath, or one directed by a blow pipe from above, or by 
a hot iron or coal, the effect was the same* 

10*40. Having thus removed the difliculty out of the way of my 
views regarding a current, I did not pursue this curious experiment 
further. It is probable, tfiat the difference between my results anti 
those (»fM. de la Rive may depentl upon the relative values of tlie 
currents used ; for I employed only a weak one resulting from two 
pairs of plates two inches lung iiiul half an inclv wide, whilst 
M. de la Rive used four pair.s of plates of sixteen square inches in 
surface. 

1()41, Electric discharges in the atmosphei'o in the f(u*in of ball^ 
of fire l)ave occasionally been described. iSuch ])bcnomena appear 
to me to be incompatible with all that we know of electricity ami 
its modesi.of discharge. As time i.s an element in the eft'ect (i418. 
1436 '.} it is possible perhaps that an electric discharge might really 
pass as a ball from place to place ; but as every thing shows that 
its velocity must be almost infinite, ancf the time of its duration 
exceedingly small, it is impossible that the eye should perceive it 
*a8 anything else than a line of^Ught. That phenomena of balls of 
fire may appear in the atmosphere, •! do not mean to d^ny ; <)«t 
that tliey have anything to do with the discharge of ordinary elec- 
tricity, or are at all related to lightning or atmospheric electricity, 
is much more than doubtful. . 

• * I 

. 

1642 . All these considerations, and many others, help to confirm 
the conclusion, drawn over and over again,, that the current is an 
indivisible thing ; an axis of power, in evefy ymrt of which both 
electric forces are present in eqiuit amount^ (517« IfiS?-). With 
conduction and electrolyzation, ai^d even discharge by spark, such 
a view will lulrinoni'/e without hurting any of our preconceived 
notions ; but hb rebates to cmivection, a more .startling result 
appears, which imist therefore be considered. 


• T am jjlad to rvt\:r rrsultj* by Mv. iJliiisUt? imijr 

itftto » Uy, Tiansuctinins, p. I IJl. nolt*. As. vcjrav«b Hi*’ 

MU r*:a1 in a wire, they confirm cvrrvtbiiig that I aiu cnnViitlhig for. 
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If two balls A and B be electrified in opiK)site states and 
fu 1(1 within each other's influence, the moment they move towards 
<‘ach other, a current, or those effects which arc understood by the 
wonl current, will l)e produced. Whf^ther A move towards li, or 
B move in the opposite direction towards A, a current, and in both 
e.'i'^es having the same direction, will result. If A and B move 
from each other, then a current in the opposite direction, or equi- 
valent effects, will he produce<K 

Ifitk Or, as charge exi.sts only by induction (liyfl* and 

a body when electrified is necessarily in relation to <uher bodies In 
the opposite state ; so, if a ball be eh'ctrlfied j)ositively in the 
middle of vH room and be then moved in any direction, ffffects will 
l)e produced, as if a current in the same direction (to use* the con- 
ventional mode of expression) had existed : or, if the ball be nega- 
tively electrified, and then moved, effects as if a current in a direc- 
tion contrary to th.at of the motion had been formed, will be 
produced. 

1 am saying of a single 'particle or of two what I have be- 
fore said, in effect, of many (Id.'i.S.). If the former account of 
currents be true, thcTi that just stated nm^t be a necessary result. 
And, though *the statement miy seem sUirtling .at first, it is to be 
considered that, acetuding^o my theory of intliu tion, the chargt;d 
conductor or particle is related to the distant conductor in the op- 
jiosite state, or that whicli terminates the extent ol‘ the induction, h}' 
all the inlermediale [vtirtioles (llbo. ), these becoming polar- 
ized exactly as the partiebs of a solid electrolyte do when interjiosed 
between the two electrodes. Hence tlu conclusion regarding the 
unity and indentity of the current in the case of conv'cction, jointly 
with the former cases, is not so strange as it miglit at first ajqiear. 

% 

TdtfJ. There is a very remarkable phenomenon or t fleet of the 
eleetrolitic discharge*, first pointed out, 1 believe, by Mr. borreit. of 
the accumulation of fluid under de«*ompo>lng action in the current 
cm bne side of an interposed fliaphragni.’*^ It i.s a inech.tnical result ; 
and as the li<ipid passes from thcpo>iti\e towards the negative 
electrode in all the known cases, it seems to establish a relation to 
ihegpolar eon(liti<m ofthcdielcetric in w Inch tl^e current exists (1 H» k 
It has not as yet been .sufficiently investigated by experi- 
ment ; for l)e la Hive says,| it requires that the water should be a 
Iwid conductor, as, for instance, distilled water, the effect not hap- 
pening with strong solutions; wheren.'s, I )iit rochet s^iysj the con- 
trary is the case, an<l that, tlie effect is not directly tlue to tin' 
electric current. « 

1647 . Becquerel in^liis Traite do r.Electricite b?is brought to- 
gether the considerations which arise for andg, against tin.' opinion, 
that the effect generally is an electrie effect.^, 'fhoiigh I have no 

• Annals of I’hilosopliy, IHIU, viii. p. 7A. 
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decisive fact* to quote at present, 1 cannot refrain from venturing an 
opinion, that the effect is analogous both to combination and con- 
vection being a case of carrying due to the relation of the 

diapliragm and the fluid in contact with it, through winch the c?lec- 
tric discharge is jointly elTected; and further, that the peculiar 
relation of positives and negative small and large surfaces alnMily 
referred to (14852. 1,003. 15:25.), may be the direct cause of the fluid 
and the diaphragm travelling in contrary hut determinate directions. 
A very valuable experiiuent has been made by M. llcetpierel with 
particles of clay,^ which wdll probably bear importantly on this 
point. 

ifil.S. As as the tonus current and elect ro-di/nnmic are used 
to express those relations of the electric forces in which progression 
of either fluids or effect.^ are supposed to occur (v83.), so torrj: will 
the idea of vt'locity be associated with tiuuu ; and this will, perhaps, 
be tnorc especially the case if the hypcjlliesis of a fluid or fluids be 
adopted. 

1()4J). Hence has arisen the tlesire ol“ estimating this velocity 
either directly or hy some effect dependent on it : and amongst the 
endeavours to do this correctly, rua<^ be meniioucd especially those 
of Dr. Watsont in 174^* and of Proft^or \Vheat>*tono,'J; in 1834; 
the electricity in the early trials heii^g supposed to travel from end 
to end of the arrangement, hut in the latter invest igations a di s- 
tinctioii occasionally ajqn'aririg to he made b('tw(*cn the lransmi‘^sion 
of the effect and of the supposed fluid by the motion of whose par- 
ticles that c’ffect is produc<‘d. 

10*50. ],-lectrolytie action has a remarkable hearing njion this 
(juc.stion of the velocity of the current, especially as connected w ith 
the theory of an electric fluid or flui<ls. , In it there is an evident 
transfer of power with the transfer of ce.cli particle of the anion or 
catliion jircsent, to the next particles of the cathion or anion ; and 
as the amount of j)ower is defiiiHe, we have in this way a means of 
localizing as it were the force, identifying it by the parUc^le i!nd 
dealing it out in successive portions, which leads, think, to very 
striking results. 

IfjoK Suppose, for instance, that water is undergoing decoinno- 
sition by the powH‘rs of a voltaic battery. Kaeh particle of hydro- 
gen as it moves one w'ay, or of oxygen as it moves in the other 
direction, will transfer a <»crtaiii amount of electrical force associated 
with it in the form of chemical allinity (S22. 852. 9 1 8.) onwards 
through a distance, whicii is equal '"to that through wdiieh the par- 
ticle itself has moved. This trapsfer will be accomj^anied by a 
corresponding ihovement in the eiectrical fdlrees throughout every 
part of the circuit formed (l{i27- 1C34.), and its efleets maybe 
estimated, as, fur instance, by the heating of a wire at any 

particular section of the current however distant. Jf the water be 

^ Tr^il^Mlf f KIrrtn< ifr, i. p. 28.5. I- riillo^nphirjd 17 i8. 
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a cube of an inch in tiui side, the electrodes toticliing, each by a 
siirllicc of one square inch, and being an inch apart, then, by the 
time that a tenth of it, or 25*25 grains, is ilecovuposed, the pJirticles 
of oxygen and hydrogen throughout the mass may !)e considered 
as having moved relatively to each other in opposite directions, to 
the aniount of the tenth of an inch ; i. e. that two particles at first 
in eoinbination will after the motion he tlie tenth of a?i inch apart. 
()tl»er motions which occur in the will not at all interfere with 
this result ; for they have no pi>wer of accelerating or retarding the 
eU‘(*li'ie discharge, and po.'rscss in fact no relation to it. 

lh’.52. 'I'he quantity of electricity in 2.'>*2.5 grains of water is. 
according to an eslimat*? of the force whief) T formerly made 
e(]ual to above 21- millions of charges of a large Lcy<le!i 
battery ; or it w'ouhl li.ave ke])t any length of a platina wire 
of an inch in diameter red hot lor an hour and a half (s!)!_k), Tliis 
result, thongir given only as an approximation, I have seen no 
reason as y<*t to alter, and it is confirmed generally by the experi- 
ments and results of M. Fouillet."^ According to Mr, \Vheatstone\s 
experiments the influence or efTects of the current would appear at 
.H distaiu’c of 57(>AH)f) iiuU»s in a M»coiul.t We have, therctoro, in 
this view of the matter, on the one hand, an enormous (piantity of 
power equal to a most /j 4 ;^struetive thunder storm appearing yi- 
stcintly .‘It the distance of miles from its source, and on the 

other, a (piiet elfect, in prinlucing which tlie power had taken a!i 
hour and «‘i half to fravel through the tcaith of an ineh : yet tlu?s<' 
are the equivalents to each other, being c Hects oL)>er\cd at the sec- 
tions of one and tlic 'Haine current (ifi.^fb). 

It is time that I should call attention t«> the latenal or trans- 
verse forces of tlie cffrrvftt- Tlie great things winch have been 
achieved by Oersted, Ar.^o, Ampere, Davy, l)e l:i Hive, and others, 
and the high di'gree of siinplific.-uion which ha.s been introduced 
int<i their arrangement by the theory ot Aitipere, have not only 
done their full .service in advancing most raj>idly this branch of 
ktiuwkdge, but have secured to it such attention iliat their is no 
necessity for urging on its pursuit. 1 vetcr of course to magnetic 
action and its relations ; but though this is the only roci»gnised 
lateral action of*the eurrein, there is great reason for believing that 
others exist and would by their tlisct)\ ery reward a close se.irch 
for them (fk'M .). • 

lfi5‘k The magnetic or transverse action of the current se< ni> 
to be'^in a most exlr lordinary ^degree indej)endpnt of t)u)se varia- 
Jtions or modes of action which it pi’csents directly in its course, 
it consequently is of the more wduc to us, as it gives us a higlua* 
relation of the power than any that miglit have varied with each 
mode of discliargt*. This discharge, whetlvin* it be by eomluetion 
through a wire with infinite velocity (l()52), or by eleetroly/ation 
corresponding and exceeding slow motion (lo 'b)- <>r by 

• lUu tpioo’l, Trrttf*' lit' 1 K]('\ U K iti'. ' • 
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:spark« :i!kI probably even by roiivection, producer a transverse 
magnetic notion always the same in kind and ilirection. 

Ifi5n. It has boon shown by several experimenters, that whilst 
tlie discliarge is of the same kind the amount olMateral or magnetic- 
force is \^ry constant (.Shfi. ofi?- .*37^.). But when we wisli 
to compare discharge of different kinds, for the important purpose- 
of ast^ertiiining wficther the same amount of current will in its <///- 
jtrent forms produce the same amount of transvei-se acti«>n, we find 
the datfi very imperfect. Davy noticed, when the electric cur- 
rent was passing through an aqueous solution it affected a magnetic 
needle**^, and Dr. Ritc-hie says, that the- current in the electrolyte is 
as magnetic as tliat in a inetalJic wire | , and has made water revolve 
round a magnet as a wire carrying tlie current woiilil revolve. 

1 ().>(♦. Disruptive discluirge produces its magnetic effects: a 
stroJig spark, passed transversely to a steclc necMlle, will magnetise 
it as well as if’ the electricity tif the spark, were coruhictcd by a 
iiietallic Avirc occiij)ying the line of discharge ; and Sir H. Davy 
has shown that the <lischarge of a voltaic battery in vacuo is affected 
and has motion given to it by approximated magnets^. 

H)o7. Thus the three very different modes of discharge, namely, 
conduction, electrolyzation, and disruptive discharge, ttgree in pro- 
ducing the important transvers«» jihenoincnon of magnetism. Whe- 
ther conv(>ctiou or carrying (li.schargtT will produce tin* same 
phenomen<m has not been dctermi!ie<l, and the few experiments ) 
have as yet had time to make do not eiiablei me to ani3w»er in the 
affirmative. 

ifioB. Having arrive <1 at this point in the consideration of the 
( urrent and in tlie endeavour to apply its phenomena as tests of the 
truth or fallacy of the theory of indiu-tion^ which I have venturc'd 
to set forth, I am now very much tempted to indulge in a few- 
speculations respecting its lateral aetioii and its possible conueclion 
with tlie transverse condition of the lines of ordinary induction 
( 1 1 fi;5. 1,304.). I have long smiglit ami still seek for an effoct^or ctni- 
dition which shall be to statical electricity what magnetic force i« to 
current electricity ; for as the lines of discharge are associated with a 
certain tran.sversc effect, so it appeared to me impos.-yble hut that the 
lines of tension or of iiiductive action, which of necessity prcjtede 
that discharge, should also have tlieir correspondent transverse con- 
flition or effect (9ol.). 

1659* According to the beautiful theory of Ampere, the trans- 
verse force of a current may be repivsented by its attraction for a 
similar current and its repulsion of^a contrary current. May not 
then the cquivaltmt transverse force of static electricity he repre- 
sented by that lateral t|m.sion or repulsion which the lim-s of induc- 
tive action appear to possess ( i:i04,)? Then again, when current 
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or <liscliarge occurs Inetwecn tvvo bodies, previously yndt r imuic- 
trical rclalions to each other, the lines of inductive force will weaken 
and fade aw-ay, and, as their lateral repulsive tension diminishes, 
will contract, and ultimately disappear in the line of dischar^'e. 
iMay not this l)e an effect identical with the attracvioihs ^>f similar 
eiJiTcnts ? V. may not the passage of .static electricity into current 
electricity, and that of the lateral tensirm of tiit^ lines of inductive 
force into the lateral attraction of llne.s oi’ similar di.schar^e, have 
the same relation and depend(;ncies, and run parallel to each other.^ 

IdbO. The plieiiomena of mductifui amongst currents wJiich I 
liad the good fortune to di.scover sonic years ago ((). J()i8.)may 
fUTchunce hero form a connecting link in the .-erics of effects. 
When a current is first formed, it tends tojiroduce a current in the 
contrary direction in all the matter arouiul it ; and if that matter 
have conducting projicrties and be fitly circumstancerl, .such a cur- 
rent i.s protlueed. ()ii the contrary, wlieii the original current is 
stopped, one in the same direction tends to form all around it, and, 
in conducting, matter properly arranged, will l>e excited. 

Hibl. Now though we perceive the elfectHonly in that portion of 
mutter whicli, being the neighbourhood, has conducting pr()pertic>, 
yet liypothetically it is pvobaWe, that tiu* iu>n-coiulucting matter 
has also its relalion.s to, and is affected by, tlie (listm]>ing cause, 
though we have not yet'*^isco\ered them. Again .and again rfn* 
relation of' conductors and ifon-conductorshas been .diovvn to be one 
not of opposition in J<ind, but only of degree (1,'^34. ami, 

therefore, for lliis, as well as for other reasons, it is proliahle, tliat 
what will alfeet a conductor will affect an insul.itor also : pri>duclng 
periiaps what inav deserve tl ur term of the clectrotonic state 

I0(r2. It is the feeling of the necessity of some lateral connexion 
between the lines of electftc force (1 11 b) ; of some link in the chain 
of eflects a.s yet unrecognisinl, that urges me to the expn ssion nt‘ 
lhe.se speculations. ’!'he same' feeding has led me to make many 
exptjrinieuts on tlu? intrudimlion of insulating dii*lectrics having dif- 
ferent inductive capacities lw77-) between magnetic p<‘hs 

and wires carrying currents., so a.s to pass across the lines of magnetic 
force. I have f^mployed sueh bodies l>oth at rest and in motion, 
wiflxMit, as yet, being able to delect any inlbu^nce prtHlucod by th* ni; 
but I do by no means consider tlic experiments a.s suflicif ntly deli- 
cate, and intend, very shortly^ to rentier them more decisive. 

I fifth 1 think the hy|M)thelical (piestion may at jin'.^ent bt* put 
thus : can such coirsiderations ns those already generally ex})rest.i d 
(l()fj8.) account for the transverse effects of electrical ciirrent< ." arc 
two such (!urronts in relation to each other nunely .by the iniluciixc 
condition of the particles of matter between them, or u e they m 
relation by some higher quality and coiuruion which, 

acting at a disbuice anil not by the intormedi.'ite particli'^. h;i>. like 
the force of gravity, no relation to them ' 

Ififib If the latter be the case, then, wlien eleetriuty i'i^.Mcting 
upon and inma^cV, its direct and itSi Transver-e rn an' cssentMlly 
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iliffbrent in their nature ; for the former^ if T am correct^, will depend 
upon the contiguous particles, and the latter will not. As I have 
said before, this may be so, and I incline to that view at present, 
but I am desirous of suggesting considerations wliy it may not, that 
the qiiesti<>n may be thoroughly sifted. 

Kin^. The transverse power has a cliaracter of polarity inipresscd 
upon it. In the simplest forms it appears as attraction or repulsion, 
according as the currents are in tlie same or difterent directions : in 
the current and the magnet it takes up tlic condition of tangential 
forces ; and in magnets and their particles produces poles. Siiu^e 
the experiments have been made whicli have })crsuaded me* that the 
polar forces of electricity, as ni induction and electrolytic action 
(1298. 1 343.), filiow effects at a distance only by nu'ans of the polar- 
ized contiguous and intervening |mrticlcs, I have been led to expect 
tliat afl polar forers act in the same general manner ; and the other 
kinds of phenomena which one can bring to bear upon the subject 
seem fitted to strengthen that expectation. I’hus in crystallizations 
the effect is transmitted from particle to particle ; ftnd in this manner, 
in acetic acid or freezing water a <*r3'sta] a few inches or even a 
couple of feet in length will tbrm in less than {^seeond, but progres- 
sivi^ly ami by a transmission of power from particle to ivirticle. 
And, as far iis I remember, no case of polar action, or partaking of 
}H>var action, except the om? under disem^ion, t an be found which 
does not act by contiguous j)articlcs.^ It is apparently of the nature 
of polar forces that such should be the c.ise, fof the one force either 
finds or developes the contrary f‘orce near to it. and has, therefore, 
no oc^casion to seek for it at a distance. 

1(>()6. but leaving those hypt»thetical notions respecting the nature 
of the lateral action out of sight, and returning to the direct effects, 

I think that the phenomena examined and rcMsoning employed in 
this and the two preceding papers temf to confirm the view first 
taken (l 1()4), namely, that urdiiiar^^ inductive action and the effects 
dependent upon it, are due to an action of the contiguous particles 
of the <Iielectric interposed between tlnj charged ,‘nirlaco.s or ])aiits 
wdiich constitul(*, as it w^ero, the terminations of the eff5[?ctt The 
gi'cat point of distinction and power (if it have any) in the theory 
is, the making the (lieleciric of essential and specific importance, 
instead of leaving it a.s'it were a mere accidental cirenrnsUme^.\>r 
the simple ropres<*]it:itive of space, liaving no more influence over 
the phenonuma than the s])ace oecupieef by it. I have still certain 
oilier results atul views respecting the nature of the elt'Ctrical foretts 
and excitation, which are connected with the present theory ; and, 
unless upon further consideration they sink in my estimation, I 
shall very shortly* put the*rn into form as another serif's of tliese 
electrical researches. 

Ro^al InHilulion, Fch. 1»S38. 


* 1 by roxilij^iKMis whirh ^rr UwMrli oOirr, n>'>t U»«U 
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Exaniinalion of Professor IVhenisione, and Charles ellexand. r Satin- 

ders, Esq.y Secret avp to the Great JVestern Railivap, by the 

PAItLIAMKNTARV C('.MMIT1 KK OV RaII.WAVS. 

PlloFESbiJlt W’llEATsTONE J\.\AM1NED. 

Mr. LocIk — Y ou have turned your attention for some time to the 
means of coinnumicating inteiligen<‘e by means of by elec- 

Irieity ? I liave. 

Y ou liave tried ex])eriincnts to that eiK'et to a consideral)]e extent, 
have you not? i have been engaged in lliis empiiry for some vtars 
past, and in eonjunction with a gentleman, Mr. ( ooke. who has 
turned his attention to the same subject, I have within that time 
taken out several patents for the means of efVeeting this object, and 
tile experiments hav<? sjnee betai carried to a considerable extent on 
the (Jrea^^AVestern Railway. % 

It is the continuity of property a railway possesses bctwi^eu two 
extreme points, which enahk^l you to try it mort? efrcciiially ? .Y 
railway otfers considerable faj^ilities ; but the only necess.iry contU- 
tion is, that a counuuuicatioii mu'^^t be formetl between two distant 
place.s by metallio wires. 

I’herefore a railway, alfording the oj>port;nnity by means of con- 
tirnnms property between these uvo extreme jioints, en.ables the 
<*xperimeiit to be tried l)ett('r on a railway than where t^Iiere is a 
variety <if distinct propertiob intervening r* A railway otfers greater 
facilities, because greater aAention can be paid to it. 

Will you have the goodness to <lescribe to the committee the 
mode in which you propose* to connpunie.atc intelligenee between 
two .(Ustant points, as allude^ to by yon 1 have here a copy of 
tliedrawihg of the specification to the first ]»ateiit taken vmt by my- 
self and Mr. (hiAke ; in all essential j»artic!ilars tlu* instrument here 
represented resembles the one at the dreat W estern Railway. 1 lere 
is \vi!t!^ iiiay be cafled a di;d (fig. A). Avitli ihe vertical magnetic 
needles. IJjion thi.s dial itO U tters of the alphabet arc marked, and 
the various letters are indie^t^d b}' tin* mutual convergence t»f two 
needles when tliey arc caused to move ; if the first necillo turns to 
the right, and the second totlmleft, H is indicatoil. If the first 
needle deviates to the right, and the fourth to Uio left,tlu!n R is in- 
dicated ; if the same nee<lles convdVge downw.iixls, tlu'Si V is poiiueil 
• to. I hese magnetic needles are acted upon by electrical eurrt'ius. 
passing througli coils of wire placed immediately behiiul them: 
liere is the representation of one of tliose coils, with the position ot 
the inaguetic needle wilh respec^ to it (fig. (>.). h'ach of the coits 
forms a portion of a communicating wire, wdiich may extend to^any 
distance whatever; those wires, at their terininatio!i, .ue eonneeted 
with an apparatus^ which may be called a comnnmicator (fig. H.), 

2 n 
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because by means of it the signals are communicated ; it consists of 
iive longitudinal and two transverse metal bars^ fixed in a wooden 
frame ; the latter are iinited to the two poles of a voltaic battery, 
and, in flie ordinary condition of the instrumemt, have no metallic 
coirunuuication with the longitudinal bars, which are each hnmtMli- 
ately connected with a difFercnt wire of the line ; on each of these 
longitudinal bars two stf>ps are placed, forming together two parallel 
rows. V\ hen a stoji of tlie upper row is pressed dow n, the bar upon 
wiiicii it is placed forms a metallic communication with the trail.— 
verse bar below it, which is eoniieeted witli one of the poles of the 
battery ; and wiien one of the stops of the low'cr row ds U>ue)u (l, 
another of the longtitudinal bars forms a metallic coinnuinieation 
with the other ])ole of the voltaic battery, and the current flows 
througli the two wires connected with the longitudinal bars, to 
whatever distance tliey may be extended, passing uj) one and dow^n 
the other, provided they be ctinneeted together at their opposite ex- 
tremities, and atteeling magnetic needles placed before the coils 
which are interposed in the circuit. 

Both of these arc at the London c'lid ? Yes, botli the communi- 
cator and tlu* dial. 

At eaclt end there is that apparatus } Ye.s ; there must be a 
Isimilar coiri[)letc apparatus at every dfnV*rent station. 

Lord (/rariville ^Somerset. — This telegraph now extends from 
London to Drayton Yes. 

Is not then* a power at each station of communicating and being 
communicated to from every other station along the whole line ? 
There is. 

Chairman. — Ls there this apparatus at every station ? There may 
be one at each station if thought proper. 

Putting up these at the intermcHliate stations doe^s not injure it at 
the endsi* No, it will only recpiirc a slight addition to the? number 
of elements of tlic voltaic battc’^y in proportion to the number of in- 
termediate stations. ♦ 

Lord Granville Soiner.set. — How do you provide'for tne case of 
parties at different st^itions wishing to communicate at the same mo- 
ment.^ They t*annot do so in the same line; one party must 
not work his teU^grajJlli if lie sees it transmitting signals from avidlthcr 
station. ^ 

Then, before he begins W'orking, he must observe that there is no 
working at another part of the line? He will know that by his own 
instrument, for all are at work at the same moment. 

Suppose a party wishes to telegraph from Drayton to I^ondon at 
the .same moment that a party at I lanwell wishes to telcgrapli to 
London, will the telegraph of the person at Drayton interfere w ith 
the telegraph of the person at Hanwc^ll ? Two di.stinct nicssagc».‘i 
cannot be sent through the sac c line at the same time from different 
stations. 

Suppose the parties go unconsciously but simultaneously to the 
telegraph at the same moment ? They could riot go unconsciou.sly, 
because they would see that the apparatus was working. 
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1 herefore they iimst wait till that working has ceased before 
they begin to send up their own message ? "i‘es. 

Mr. Loch. — Suppose there is a message intended for the extreme 
end, would the j)ersons at ea(?h of those stations be madeacfluainted 
with the message intended for the extreme end? If the same tele- 
graphic dictionary, or if the ordinary alphabetic spelling be employ- 
ed at all the stations, every person on the watch would know w hat 
was going on ; but if communication by cypj^r be adopted, a dif- 
fcivnt one may be used at each station. " ' 

T-'ord Granville Somerset. —Suppose at the Drayton statioii there 
IS an inlitnation desired to be given of the iiece.ssity of ^ending 
down an engine, will tin? parties at the other stations, l)e aware of 
that message being sent uj) ? If there is only one line laid dow n, 
they w'onld; at [uvsent the line consists of six wires, and one tele- 
graph only is worked l>y their nie.ins. 

^\ ill the parties at each station kno>v wdiat is coinnuinieated from 
one point to another r \cs ; unV-s& the conununicalion is sent in 
cypher. 

Suppose it is sent in tlie ordinary way, without c*yp!ier or in- 
tended tvinee;»Jment, w’oubi it kiuiwn along the line? Yes, it 
might be read at all the stations simultaneously. 

1 lu?y an* worked all iht^Way along'* Yes. There i.s anoth^ 
very essential part of the a}^)aratus I wi-li to mention, whicli is, 
the means we have of ringing a bell bel’ore the coinnninication 
begins, in order to call tlie attention of the observer ; these draw- 
ings represent llic mode hr.st adopteil, but oilier con striict ions are 
now ill use. *1 he general principle of tlie .alarum here represented 
is this: to the detent ot an alarum, on the ordinary construction of 
a clock .tlaruin, a piece of siift iron is r»\e«K and opposite to it there 
is a bar of soft iron bent lo the I'orm of' a borse-sboe ; round this 
bent bar, wire, eovere<l with silk, is wound, forming numerous coils ; 
it is a property of soft iron to become ]>o\vcrrul]y magnetic when an 
clec^^ric current passes tbrou 5 ;h a coll llms surroinuling it. When 
the bors^-shoe bar thus becomes magnetic, it therefore attracts the 
detent, and bell immediately rings wlien llu' current ceases 
the magnetic power ceases also, and tlie bell discontinues to ring. 
'rh4?rj^ arc severaT other contrivances made %o etlect this purpose. 
Some arrangements are here represented to w hieh Mr. C'ooke has 
particularly directed lii.s attention ; they relate to the means of es- 
tabli.shing eoninuinications at intermediate parts of the line w hon^ 
no fixed stations exist, 'fo efl'ert this, po.-ts are placed at I'very 
quarter of a mile along the line, for tlie purpose of o.stablishing a 
temporary communication with Ifithcr of the adjacent stations*; the 
guard of a train may thus carry with him a portable instrument, b.y 
means of wduch he can send uj) a message Ufa station eitlu r way, 
wlioiiever it may be required. This is a representation of the mode 
by which this purpose is effected ; here is one of tlie <|iKnter of a 
mile posts : the wires are carritjtl up through it, ami there is, on the 
top of it, an appariftus to which the portable telegraph may he tem- 
porarily fixed, iflid by means of which a mc'ssagc may be sent in 
either direction of the line at pleasure. 
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Mr. Loch. — How are those wires kept insolated in the tubes 
First, the wires arc insulated from each otlier by a mixture of 
cotton* and india rubber, wliich is a very good insulating material ; 
then, thes^‘ prepared wires are all passed, w'ith certain precautions, 
tlirough an iron tube, which in some parts of the line is buried 
beneath the ground, and in other parts of the line is raised above it. 

'J’hat mixture of cotton and india-rubber cuts otf all coininuni- 
cation between th.e ^re aiul the tube P — Tt'esy^aud between the 
separate wires ; it is ^kilficient non-conductor. 

Cliairiiutii. — You say, a guard may <‘onuuiinicate by means of* 
one of tlusc posts put up, w ith any station P Willi the station^ 
either Avay. 

ilt* inu.-t crsrry a portable apparatus P Vcs. 

Fliat must la* the nature* ot the keys, must it not ' 'I’he tel<*- 
grapliU' appare^ii'i nt*ce.ssaialy con:*.isl'> ol‘ two p.irts, the communi- 
cating keys and the di;il on Aviuch the indicated cliaracters are seen ; 
that AViiich the guard carries must contain both tlu'^e parts here ; 
the keys and the dial are in the same :ip]>aralus. 

Lord (Iranville Somerset- — Suppose tiu* (ircat W’estern Railway 
were completed betAveen London aijd l»ristol,*^do you coivternplate 
the possibility of carrying yonr telegr.ipli throngfi the Avlude way, 
s(^as to signify from London to liristol^ny thing yem wish to com- 
municat<‘, and eicc vvr.sa Ironi Bristol t*» 1 ondon P 'The e.\perinient 
has not been tried, but I have every reastui to believe tlut it can 
be done. 

\^ou nni^t multiply yi)ur pow. r cojusiderablv in tluit ease; but if 
you ean multiply y<»ur f>ower siillicienlly, there is no dillicully, in 
your opinion, in juTfonning tbat ? One very important circum- 
stance 1 liave asciU'taiiU'd is tin* lilth* power recpiisite to prod.ucc' 
this eileet ; it Avas formerly tlioiight tiiat to send a current to any 
considerable extent, very strong batterii\s must be employed, but 
in fact a very Aveak battery is sidiicient, proviiled only it con,sisls of 
a number (;f clentents proportionate to tlu* flistanee- ^ 

Do you see any pr.jctica! clidicultv in projiortioning ihe^mujber 
of your batteries to extent, of luu, oi 1^0 miles P 1 think 

there is none. 

So far as your experiments have graie, you think you should i be 
able to effect this telegraphic communication between Brisiofand 
London Yes ; possibly several stali(inrs may be rccjuircd, but, at 
'any rale, the stniions may be at fir gn*atcr distaneels from ea< h 
other than would be r(*<piirt'd for ^any ordinary sy.sti*m of tide- 
graph.s ; my opinion is, that the inU'rineciiate stations w ill not be 
required. ^ ‘ 

You think you may communicate to the Heading station, the 
Heading station to another in the <iirection of Bristol, and that to 
Bristol '* Yes ; tliis means w'onld be adopted if it .diould be found 
impracticable^ to effect an immediate communication bctw’'ccn tfu? 
two extreme stations. 

Mr. r^VencIi. — you any doubt you cou'd <lo it with one 
inU!i‘mediatc station, tlividing the distance P Flic Experiment has 
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not been tried; if ])erfect insulation of the wiles can be obtained, 
there will lie no diffi<M.illy ; theoretically tiicre is no difficulty, but 
we mi^ht meet with practical obstacles in Sf> lon^ a line. 

Lord (iranville SonnTset. — How lnn<*- has tiiis line^been laid 
down ujaui the (jreat Western 1 think it mi:s finished in July 
last. (liSo;).) 

Do yo?i think voii liave had ex})eriercc en<)u;.’:h durinpr the last 
winter to ascertain tliat it wdll not fail you in consetjuence of' any 
inclemency of w'tather, or circumstances of that nature? Ifllie 
wires aie iiroperly protected, I think there is no i'ear wdialevor. 

Do you conceive they can be so protected, that weather will 
lia\c no elk. ct upon them ? Yes, that is niy judgment, from ex- 
p* i iment. 

Mr. Loeh. Is tliere any appreeiahle lo^s of time in making^ a 
coininiinical ion froso the l^iddingloii station tfj the extremity of the 
lino to whieli the tei(\grapli is now* earri(‘d? Lrom some experi- 
ments I made some \a‘ars ago, published in the l^lulu.sojtfdcal 'Tratt^ 
sai:tii)as, u I first turned my attenti<»n to the p()^sibinty of 
eirectiiig telegraphic coniiminieations, L aset vtaiiu il tiiat ileetricity 
travelled th/<»ugh a* copper ware at the rate ol' a-bout J(J(>,o()0 im)('s 
ill a second ; cuusequently there is nu appreeiabh‘ linu* lost in the 
couimunieation of the elcytrical effect; the only lime that would 
bo lost would be at relay spilions, if they were necessary. ^ 

Mr. Freslifleld. — Suppose want to communicate from Louch n 
to Bristol, how ilo ytai .-Ignify tiiat yeuir intention i> ti> eomnnnii- 
cate with Bristol and not. witli Drayt<.n r “fliere wouul Ik* :i 
separate signal aj>jua)priat<al to each slaiion, wliich w ould he made 
before the communication b<'gins, immediately after thv alarum has 
beiMi lung. 

Mr. I..och. — What is ihe r;tic at which light travels ? lpJ,(>00 

tiiiles in u second. 

Wh at you describeil in the first in>t.inet' is the mode' of asking 
t|ic question ; how is the inessaic reei i\ed? U he person w im is 
atteiuKng reads the message from the dial. 

(diairman;* — Have the applicatii»ns you liave had from foreign 
countries Vo put up this means of comnnmieation been in conneCtioTi 
Mi^h raihvays, “or separate from railways \ All in i*onnection with 
railways. 

Is it of any con.se^juencv that it sJiould be on a railw.iy, or does 
r.'ulway offer any advantage in tliat re>j>ecl ? Ntii the slighti st ;ul- 
vantage witfi regard to layii^ down the line, but a great one with 
respect to its protccti«>n from injury. 

Sir John (Juest. — Have yim tried to pass the line through w;iter; 
There >voiild lie no difliculty in doing so, but tfie expt riment has 
not yet been made. • 

Chairman. — Could you communicate from l)i>vt*r to L.ilais in 
tliat way ? 1 think it perfix'tly practicable. 

Havt? you any' furthei||»bsci valions to make ? An eh'ctru%d ttde- 
graph ofters a g^eat many ail vantages over an ordinary bdegraph ; 
it will work <)ay and night, but an onlinavv lelegvaph will act only 
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(luring clay; it will also work in all states of weather, an ord- 
nary telegraph can only work in fine weather. I'here are a great 
nuinbef of days in the year in which no comm uni cation can be given 
1)}^ an ordiipary telegraph, and, besides, a great many communica- 
tions are stopped before they can be finished, on account of changes 
in the state of the atmosphere. No inconveniences of this kind 
>voiild attend the electrical telegrajih. Another advantage is, that 
the expense of the separate stations is by no means comparable to 
tliat of the ordinary telegraph ; no look-oiit-nu*ii are required, and 
the apparatus may be worked in any room where tliere are persons 
to attend to it. Th(‘re is another a«lvantage the electric possessts 
over the ordinary tclegrapli. viz. the rapidity with which the signal.^ 
may be made to follow i*ach other. Thirty signals may be conve- 
niently made in a minute ; that number cannot lie made by the 
ordinary telegraph. There is one thing I will take the opportunity 
to m<‘ntion : 1 have been eonfining the attention of the committee 
to the telegraph now working on the (Ireat Western Railroad, but 
Jiaving lat(dy occ upied myself in carrying into effect nunuTous im- 
provement.s which iiavc suggc.sted thtanselvcs to me, I have, 
conjointly with Mr. (,‘ooke, who has tprncd his attentio?i greatly to 
the same subject, obtained a new patent for a telegraphic arrange- 
nici^t, which 1 think wnll present very g^Mit advantages over that 
which at presemt exists. It can be appbed w'ithout entailing any 
additional expense <jf consctpience to the line now laid down; it 
will only be ncces.sary to substitute the ikwv for the former iristni- 
mciits. 'I'liis new apparatus requiivs’only a single pair of wires t<i 
effect all w'hicli tile presi?nt one does with five, so that tliree iiuh*- 
pendent telegraphs may be immediately placed on the line of the 
Great Western ; it pn'-cnt.s in the same place all tin; letters of the* 
alphalx;! according to any order of successic/i, and the ap]>aratus is 
80 extreincdy simple, that any person without any previous acquaint- ’ 
ance with it can send a communication and read the answer. This 
a])paratLis f shall be Jiappy to show the committee in action 
King's College. • 

Sir John Guest. — i)oe.s not the pos.sibility of cittding off the 
comm unication between one point and another, occur to you ? 'file 
same objection may be iiiipde with regard to railroad^ themselvci:y e 

Sup]>o£e any person were to stop the com muni (‘ation from one 
to w?n to another ? liy destroying the cofitimiity of the rails they 
might stop tlie passage of the trains. 

The common te]<!gra|)hic coininunic^tion could be kept up not- 
withstanding that (>ertairdy. 

Chairman. — Can you stato the expe«se wdiich would be incurred 
in laying it down f I am hardly prepared to state thzit, because 
only "one line has been laid down at jiresenl. 

Mr. Locli. — Would it be your view ultimately, supposing tl)e 
railway completed to Bristol, that there should be one line to telc- 
4 Craph to ana another from Bristol ? No ; tlie same line wull serve 
both purjapses. • 

'fhere will bi^ no inconvenience in practice in making use of the 
some lino? No. 
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Mr, II. liaring, — This sort of tt;legraph is not in operation on any 
other railroad i* The IJlackwell Company shortly intend to have it. 

CriAFa.Es Alexander Saunders, Esy., talled rx and EA: \MiNEn, 

I.ord Granville Somerset. — As secretary of tlie Great Western 
llailroad Company, can you state to the connnittee whether they 
have adopted Mr. Wheatstone's iiiagnctic telegraph ? As far as 
W'^est Drayton, l;j miles. 

Ilow long has it been adopted? It was finished in July last ; it 
lias been in operation about seven or eight months. 

Was that laid dow'ii at tlic expense of the railroad ? It was laid 
down under an agreciiKait with Mr. Cooke, who is one of the 
patentees. 

Was it on behalf of Mr. Wheatstone also ? Jt was under agree- 
ment witli i\fr. C’ooke, Mr. ('ooke being the cn-patentee. 

Does that agreement extend to any length of time, or has this been 
only .an experiment r 'I'he agreement eontemplated tlie further ex- 
tension of it, if the Com])any required it within a certain period of 
time, after the comjdetion of ilie hr>t IJ miles. 

In fact the Company liavtjjaid down this magnetic telegraph at 
their own expense, umler a specific agreement with Mr. Cuokt?, tlie 
Company taking the oq^ense on the one hand and deiivingany 
benefit they may derive op the other - Ves, just so. ^ 

That agreement is detenniiiaWe at a certain period ? It is. 

Is it renewable at the option of either party ? No ; I think it is 
absolutely determinable, not renewable. 

Have you any objection to state the term of years? I have no 
objection to state the substance of iheagrt ement, but ijL is very long 
and very intricate ; the material substance of it is tins: that within 
a certain number of months after the telegraph shall have been laid 
^ and efficiently worked bctw'een raddington and Drayton, the com- 
pany might call upon the patentees to give them a license for the 
, whole line, on ecrtaiii terms ; tliere are a variety of further con- 
siderations involved in flie agreement, which it would be very 
di then It to Adatc. 

Is this agreement binding upon the pnU ntees, so as to enable the 
•Cereal Westerii Company to execute this Jidcifrapli all the Avay from 
Bristol to London, for a certain number of years? It was binding 
upon them, but the tiimr has now cxpircil. 

A luwv arrangement must be made before any permanent agree- 
ment is efl’ected ? • Yes, ^neither party is now" bound by that 
agreement. 

Have all tlie advantages which Aver*.' anticipated from this tele- 
graph accrued ? I think >ve h*ivc scarcely liad^it in a state to .^ay 
that w’c have derived all the advantages ivhich wore eoutemplated 
from it, beoaust' we have, between West I)rayton an<l raddington, 
very little inducement to work the telegra[>h* s*»par.itoly tor that 
part ; it had much more reference to the more distant stitions, and^ 
tlie eommiinicjitiuns of our line Avith others, or to lymiuuuieations 
between plaices on the line Avhere short aiul long trains together are 
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nnining upoi^ the same portion of railroad. As yet we have had no 
practical benefit of that description, hut it has enabled us to ascertain 
that the telegraph perfectly perforins all tlie duty that was expected of 
it ; as far as it goes, it works perfectly true. 

Provided it shall work as well when your line is coinploled, do y<ni 
anticipate all those useful results that w(?re anticipated before it was laid 
down ? 1 do, indeed. 

That is your opinion, after your experience of eiglit or nine months 
on 13 miles? Yes. 

In general terms, is it a verv expensive thing to lay down this rnag- 
iiciic telegraph? Il is o\]>ensive, but that is a question of degree ; 1 
have no objeelioti to state the ex])euse incurred ; I Ix’lievo it may be 
laid at from £2t}0, to otIdOO. a mile, including the charge for statuin 
instruments. 

In the discussions which have taken ])lace, of which you may have 
been cognizant, ujioii the subject of railroad telegvajdss, have llie 
directors eont<‘m]datod the conveyance of ordinary articles (d intelli- 
gence between Bristol and T.oiidon ? I think that view was enievtained 
by the company when they originall}’ liicfl it ; the object would b<i to 
facilitate all means of comiriunicaiion. 

Do you considei that that would luf the only means by* wlacli the 
company would be remunerated for thr; outlay ? I lldnk the usid'ulncss 
of the railway itself is the clii»‘f mnuiu-rSlion ; it is calculatt‘d un- 
doubtedly to simplify the working of i he railway, and to diminish the 
stock of every description, wheiht-r of engines or of carriages ; to insure 
greater puuctualily', and, in cases of accicb nt, to repair tin* injury with 
the least delay, as W(dl as to produce general advantages anrl gri'att.r 
security in working the railway. 

You* think Voii might hav<* a less ostahlishnient, and loss stock, in 
conseqiiouoo of having (his magnetic telegra]di, than you otherwise 
would he obliged to keep up to conduct th(3 liif^* ? Uiid<>ubtedly. 

And that in that way the conq>any would he remunerated ? 1 think 

that would bo a mode, of remuneration ; 1 do not say to what extejit it 
would operate, as compared with the expense of tlio telegiapli ilsej^. • 

In addition to the lemuneration thus derived, do you conceive it will 
be an eflectual mode of a.ssistiiig in case of accident to j)ussc?nger.s ? 
Certainly, it would be so. 

And In some instance.Stof preventing accidents? Ves ; if a lino* 
were at any place sloj)pt!d up, and a cominniiication could be made by 
telegraph, it would prevent the danger of collision from a subseipient 
train running up to the place of danger. 

Mr. Wheatstone has stated that it is ii).t(md(Kl*that a giikrd .slmuld 
have a portable telegraph, capable of operating at tlie distance ul every 
quarter of a mile? Yes, that is a pbm proposed; it ha.s r»ot bcfui 
carried into effect on our lino at present; there are places to which tlm 
portable telegraphs may bc<ipplied, hut the men have not been instruc- 
ted in it yet. 

Supposing that idea were carried out, would it not be the cause of 
great safely in case of sudden emergencies, or ft?ar of accidents ? Yes ; 
r luive no,, doubt security against accidents woultl ro.?ult, and more 
prompt assistance in case of accident. 
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Suppose an engine unexpectedly became unfit lor servia*. 
you nott in the course of the last few months, occasionally sent to 
another station for ariQth€*r engine, by means of the telegra]>h ? 
Ves, we have, on one or two occasions within a few montlis ; we 
worked the telcgrajdi for nearly two months, so as to conlmunicate 
to l\i(l(lington the nionient of the passing of the train at We?»t 
Drayton and Manwell; that was done for the purpose of trying 

whether the telegrapli wouhl eonstantl}- work, and whether we 
could rely upon it, and it answered the purpose, certainly, 
admirably. 

Do you contemplate continuing that constant use of it r Xo, we 
do not work it in that w'ay ; but it is used in any emergency ; they 
can transmit any intelligence between \V(»st Drayton and Padding- 
ton, wdiich it may be material to receive. 

If parties will want horses when tiicy come, to the Paddington 
station, you are- in the habit of sending on intelligence of that ':* 
V t?s, we are ; I think tlie chief use of the telegraph, what I con- 
sider the chief advantage of it, would be upon the junction of two 
lines, where they are to be w orked by Use engines of one line ; for 
instance, upon the line from Bristol t<i Loudon, at the junction of 
tfie Cheltenhimi Itailw\ay, it Wi5iild he a very great facility indeed 
if it could be ascertained at the moment at which the train comes iij) 
from Bristol which is to rdcTive the Cheltenham trafiic, that tilt* 
C^dieltenhaiu train is on its pN>gress, and either within five minutes 
or not within five mi^autes of‘ the place ; )>y that means there would 
bo no useless delay to either train, anti in the jiame manner the 
dow*n train coming up would bo able to send previous intelligence 
from a station, by w-hieh the engine from the Cheltenimm train 
would be ready at anv time to Uike the train on w'iihoiit any loss 
of time. 

It would also, in case o? any "want of exactness in tlie arrival of 
a’\:rain, prevent collision, would it not ? It would, and it w'ouhl 
reduce the expense of wmrking tin*. line ; the supcrintt*ndent might 
be vnabl^ed, in many cases, l>y delaying the train only a few minutes, 
to save the expen.se of a second engine being sent f'or a long distance. 

In case of any severe fogs in any particular district, would it not 
be a great advant/ige that the trains coming into that district slioult! 
bc 'fiftide aware of that circumstance ? Yes,* I think in the case r)f* 
our w-orking .short trains, which wc shall prol>ably do from Slough 
to London, iiulependently of the Bristol trains, it would be very 
important for us to kiuny at Paddington when a tiain is aj>proach- 
ing, whether it be a Slough oi» a Bristol train, and for those at 
Slough to know that the long train is coming up, and is within a 
certain distance, or not within a certain distance, th.il they may pre- 
pare accordingly, whctlier to send on that train from Slough to 
J-ondon, or delay it for a short time. 

Suppose you wish to send an extra train from one point of your 
line to another, without any means of coinnuiniciition, there must 
be always a certain degree of tiaiiger either of ninning into another 
train, or meeting^ another train? ^'es, wc arc always obliged 
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to allow a certain interval to elapse before another tiain is 
sent* 

'That is not always a certain means of preventin|^ collision, is it ? 
No, it is not. 

By means of this telegraph, could not you guard against th<’ 
danger of accident in that respect ? Undoubtedly, it would U‘nd 
to security in those cases. 

Mr. Uoch. — Would not the possession of siieli a means of coi»- 
veyance, after the telegraph is completed as fir as BrisU>l, give the 
possessor of the telegraph a great advantage in a commercial point 
of view over the rest of the public ? It might do so, if they should 
choose so to avail themselves of their property- 

IJas it ever oecurre.d to you what remedy the public might have 
under tliose circumstances ^ 1 do not sia* how they ])ossiliIj' eouki 

have any remedy sht all ; 1 do not see why they ought to hav e any 
remedy. 

Would it he unfair, under those circiini stances, that the Bail way 
Company should give facilities to other [larties to erect other tele- 
graplis along their lines, paying the company for sucli facilities ? I 
tliink the com])any would not object to other p^irties having a facility 
if they were suHicieiitly paid for it f*but I cannot conceive if a party 
possesses property, wliy lie should rt^fiise to iTiake it useful to 
Wi'niself, or why he should be called ifjVoTi to make it as useful to 
another as to himself. 

"rake tlie railway to Bortsiiioutli, would it Im'» at all a matter that 
would be indifferent to the countryj that tlic directors of that rail- 
road should have the means of communicating by mean.s of tlicir 
telegraphy with Loiuton, while the Governiueiit is deprived of all 
communication between the principal naval ^station and the capital 
in the same maimer '* I think the cast? cannot arise ; <iovenunent 
w'ill have the pow er of course, if they choose to ]>ay for it, of put- 
ting a telegra[)h <if their own between Portsmouth and I.ondon ; 
and there is no telegraph wliich .rouhl exist, w^helher on the Soiitli- 
ampton or any other raihvay company possessing which wcvdd pre- 
vent the Government having the u.se of it, if they ^choose to pay 
for it. Government might have one, of course, if they would go to 
the expense of making it. 

What expense do ydii refer to ? Tlie expense of buying laiu^ and 
putting it down. , 

Would it not be a much more ready way to give the Government 
the power to lay down the t<rlegraph on the railway itself? Inly- 
ing for it, I do not sec tlie slightest *<>1)30011011 to iu 

JLord Granville Somerset. — Suppose a restriction of the a^lv.Mi- 
tages of the raft way company to that which may be called tlieir ovvr. 
peculiar business, aiyl not allowing it to transmit other intelli- 
gence ? It strikes me that that w^ould be a prnliibitioti to -the com- 
pany Jwxng it down at all. 

Mr. Loch.-— You think if this rule were laid down, that all the 
intelligence of tliose who telegraph ahouhl be made public with ilu* 
exce|>tion of that on their olvn affairs, that wouhl^ojjoratc as a pro- 
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to their laying it down at all ? 1 scarcely knQW as to any 

rule of its being made public ; I am answering tliese (jueslion^ very 
nuicii in the dark, hut it strikes me that s:iying You may. lay it 
down, l)ut you shall not use it except in a particular way/* wouhl 
iiuoiint to a prohibition. • 

M r. Green. — Do yen see any objection to compelling the com- 
pany to allow persons to send any information they please by means 
*)f your telegraph f I see none at all, under particular arrange- 
ments, inasmuch as I think that is wliat they would do as a mutter 
of course ; but then it must be subject to certain regulations of the 
company ; tliey could not consent to its being taken mit of tluur 
hands, when tliey urc using it, and given to another; of course the 
transmission of general intelligence would be one source of income 
derived from it. 


Mr. Loch. — liow would this operate upon tl^c construction of a 
telegraph of thi.s sort, if the government were to have the power, 
paying for it, to Ix' enabled to lay down a telegnqih of their own ; 
would that operate with the dk’ectors in prevenliiig their laying 
down one of tlieir own ? I. think not at all ; I cannot conceive 
that it w'ould lx* theii;. wish to prevent government po.ssessing one. 
I think U an e.Kpeiuliture shall kavc been incurred by any company 
in laving down one under the expecUtion tliat they will derive the 
benefit of ft, whether in trAivsmitting railway information or gene, 5 i^l 
information, being properly»paid for it. if they should be obliged 
to permit another coyipaay to lay dow u .'mother telegraph on their 
line, that would be a great hardship ; but I am sure they would do 
everytiung they eould to lacilitate tla* views oi‘ government- 

l.ord (iraiivilie 8oraai’set. — Supposing the government ^w’cre to 
lay <luwn a magr.elic telegiviph tVom Loudon to HristolJ and sup- 
posing tluit any pr.rties were allowed, uiuler certain regulations, to 
communicate by tluit teX gvr.j.h, v/oulil you see any objection to 
tllfil ? I expressly reserved that it .diould la* \i<ed for government 
purposes only. It never eouU! rmj^werto lay down tvro telcgr.ipbs ; 
it 'yoiihl be a great bardsliip to make the possessor of the soil give 
up In', lught to enable some other jiartv to ctuupele wdth him. 

Mr. Loch.— -Confining it to ,:ovcminent purposes, you .sec no ob- 
jection to .allow ing the government to lay an electrical lelegrajih ? 
Ni,!)*,* whatever ; at the same time I sliould iitate that it is a subject 


I have not much thought of or etm.sidered, and therefore 1 fear my 
opinion its w'ortli nothing. * 

Cdiainn.'ui. — W^^y w^'ls not your telegraph put under ground? 
U was attempted at rirsf to beyut under ground, but the wet got so 
inucli to it, it was foiinil better to pul it above ground, to secure it 
tVoiu that injury- I believe oneVf the gr&at dillicul%ics the patentee 
had to contend with at the time has been since reinedietl by nuking 
tile tubes more iniperviow.s to the wet. — II hrafsfofte.) 1 w*ish 
to lu.ike an observation with regard to the expense (>f the line: the 
e<»si of the present experiment Ims exceeded *250/. }>er mile. VV e 
V ill assume that it Ciumot safely be reduced, though 1 think with 
Mu»n‘ experience if might he ; if we consider that tin* cost ol laying 
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clown the whole telegraphic line from London to Bristol will he 
only the cost of one mile of the railroad itself, the expenditure will 
not appear great, considering the benefits to be obtained ; this is 
less than one per cent, upon the original estimate of the expenditure. 
Now would it not be worth while to go to that expense to obtain all 
the advantiiges that will undoubtedly be obtained by the tclegraj>h ? 
I will make a few observations with regard to the proposed Govern- 
ment line. The principal expemse of laying down the telegraph 
line is, in fact, tlie iron tube and the other things conneeted with 
it. The mere cost of the wires is very little, not more than (V. or 
7/. per mile each. As many wires may be put as you please in the 
same tiib(\ consequently, suppcjsing an iron tube to be laid clown 
from hence to Portsmouth, if wires for three distinct lines were en- 
closed within it, the expense of each line, considered separately, 
would be very cdnsklerably diminished. One line might be appropri- 
ated for the rail-road purpo.ses alone, another for gc*neral commercial 
intercourse, that is, for sending messages for any j)artics wdio choose^ 
tfi pay for the accomrnedation ; ami a third for the exclusive use of 
the Government. There w^oiild be no difiiculty, if the Government 
have a telegraphic line thus associated with others, to make the 
terminations in their own otlices, fiom the admiralty in London, 
for instance, to any office belonging to the same department at 
P^i tsmoiith, so that information may b^ sent Avithout communicat- 
ing with any per.sfms but thcar own clerks. If this plan were 
aclopted, it wouhl do av/ay with every t»bjection which has been 
matlc with regard to the* injury a private Company would do to tlie 
public, by having the exclusive nuaus of intelligence in tlun> own 
hands ; fui;l I am sure any railway com[>any would enter willingly 
into an arrungement, by which Govc»riiment might po.s.sc^ss an c?x- 
clusive line at a very riuderate expemsc, mucli below that at \vhich 
they conlfl lay it <!own theinselve.s. Iftlle new telegraph of wdiich 
I have spoken succeeds, and it has suctoeded pc:rtc»ctly so far as ex- 
perimerits have yet been trie<l, we might place three telegraphs in 
connection with the six wires now in.cd on the (ireat VVestarn 
Railway, and tliese might be applie<l, as 1 have .said before, to three 
specific purposes ; one exclusively for railway purposes, another 
to be let to any persons wdio choose to avail themgclvcs of it, a?i<l 
another for Goverruneiil objects. • * 

Would it be possible, by any portable instruments, for any tliird 
party to liocome acquainted with the mes.-,ages .s<fnt on account of 
the government ? If the government fearej:! anything of tliat kind, 
they must use a cypher ; communic^ions by tlie electric telegraph 
would be far le.ss public tlian by the presi^nt visual mode ; at 
preflcmt every-lfody knows when a telegraph message is being 
despatched, and any pprson acquainted witli the signals might reaci 
it. 

Is it not the case, that by a little attention any person can poj?se.s.s 
themselves of any cyplier ^ Very ingenious .systeuKs have certainly 
been d^jpyphered, without any knowledge of their keys ; but the 
task is no easy one. An extremely simple and sale mode of cypher 
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has been devised, by nieana of which a person may coininunicate 
v/ith a thousand correspomlents, it being irnpossi)>]e for any one of 
them to read what is intended for another. 

Mr. Freshfield. — Have you made a calculation of the ])robable 
length of time the apparatus will continue, w ithout reejurring to be 
renewed ? I’hat is a question I cannot nn.sv/er ,* ]>ut it comes to 
this : how long can the iron tube which contains the wires be pre- 
serv'ed ; the wires themselves would remain uninjured for an 
indefinite period, if the tube be hept perfectly water-tight. 

Do you think tlie w'cnr anti tear of the apparatus from London 
tf) Bristol w-ould be less than the wear and tear of the railroad for 
one^inile ? Far less. 

Mr. Loch. — Do you spell every word by tluj present mode? 
Some signals are used, but the words ol' a message arc generally 
spelt. — (Mr. Saunderx.') Wc have some conve^uional signals; the 
others are .speltf While w e were w'orking the telegraph, we worked 
it for some time intermeiliately through the llauwell station, to try 
the effect of divuhng it into different lines of telegraph; there w'ivs 
evidently no perceptible difference of time from Drayton to Han- 
well, and from Hanvvell to Paddington ; (or the same party having 
a double' iiistriuncnt an Hanwi^l, tlie instant lu* saw* tlie signals on 
one he touched ilu' keys of the other ; the effect is quite instantane- 
ous ; in tlmt way it mighf be s(»nt to almovsl any distance. 

(A description of the dial-plate of this telegraph, and of the 
ari\angement of tlie magnetic needles, and their helices, will be given 
in our next number.) — K i>jt. 


’JILIX . — On EMrfro- Magnetic Coil MarJi'nirs : TnoMv^ 

WinoiiT, Kso* 

Dkak Sjh,-— H aving been lately making some experiments w ith 
a view of determining the most effieient form which can be given 
to tlie coil in elertro-magnotlc Ci>il macliincs^ and having succeeded 
in ])‘A)ducing a nuu’liinc of great power in proportion to the ipian- 
tity of wire employed, 1 |Voceed to lay an account of my experi- 
ments before the readers of your valuable journal. 

I havi‘ long considertKl that both the intensity and quantity effects 
t)f these luaehines are tine, rather to the intensity than the quantity 
of magnetism developed in tly? central ^core of iron wives, 'fhe 
coils wliich I have seen prixluced by the Londoh philosophical 
instrument makers have been invariably sh^rt and thick, a form 
which 1 think very fl) adapted to the purpose ft>r whii'h they were 
iiitoniltML as by this means a great quantity of magnetism is pro- 
(hiccd, but posse.ssing very little intensity. 

During the course of *‘xperiments which T instituted 1 cigjnoycd 
1 1 coils, the strnefure of which was as follows ; - 



350 


On Elccira^Maguciw Coil Mach'inci^ ; 


No. 1, t oi)siste(l of a core of soft iron wires 1-40* of inch 
in diameter, and four inches long, wound with 40 yards of coppec 
wire 

No. *2. Core one foot long, half an inch in diameter, iron wires 
1-00; bfittoi-y helix 40 yards superimposed helix (50 yards 1-40. 

No. 3. Core two feet by half an inch, iron wires 1-40, battery 
helix ()0 yards l-lO, superimposed helix 00 yards 1-40. 

No. 4. Core one foot long, one inch in diameter, iron wires 1-40, 
helix 40 yards 1-1 6. 

No. 5, Core two feet by half an inch, battery helix 40 yartls 
1-10, superimposed coil 00 yards l-lO. 

No, (>. Core one foot and a half by half an inch, helix Uventy 
yards I-IO. 

Noa. 7 and 8. Cores each eight inche.s long, l>y a cjiiartt^r of an 
inch, iron ‘wires 1-fiO, battery helices each 2o yards 1-1(1, super- 
imposed helices eacn ;*() yards l-()0. 

No. 0. Core eight inches long by half an inch, iron wires 1-20, 
helix 25 yards f-lO. 

“"No. 10. ('ore eight inches long, half an inch s(piai*e, composed 
of seven strips of sheet iron carefully annealed, battery helix 30 
yards l-lO, superimposed lielix I00«yards 1-fhX 

Ni). 11. A compound U shaped bar 20 inches long, and two 
in diameter, eo)n[)ose<l td* hoopnivon rivet(’d togi^thcr arul 
wound with eight copper wires !-ll>, 20 yai'ds long, all covered 
together so as to lorni a single helix ; the whplc apparatus being 
fitted up witli a revolving annature .for the purpose of breaking 
contact with the battery. 

4'1h» cHVcVs of the above coils when coniu^cted with a seven inch 
pair of zinc and copper plates excited a la Mitl/iNfi were as follows: 

Sho.:k. Spwk. I ./..i i -luircd t<> n 


! SciiitinnCioii, 

{ fnmi in|^* i»r sUrl. 

I V»‘ry 


V.r\ i vnulilul 


1. ?^r.-arcel>- iNJi’cr jilibW' Small an<l hri^rht | V»‘ry 

S, Vrwm ? [ 

I brurl/t, uii‘l amivi-l Y .. ' 

\voulil fusl^^ii wilh ilry jm'jj.' ^ - *“■***■’ ) 

liftiids. ’ * ■ u 

a. With b«itli }u lifos Mufli but h 

Mnitudfxvessivfl} I rii'-ht, luivinefa rtashinj^iY, i..;.,! ♦ r.-. i 

appoarau.:.' Vk*!' in-m 

.. • K‘»«I ii(vni iiMii 

iinir,? ot u I'rftin ul; ’ 

4,M|fipOW«h*r I j, 

4. Eflccts Niimhir lo Nf. I . ! ; 

S ♦ Shock sii trooil Verv p. No. 2 . • 

n» aVo. 2. , ' I 

0. Shock just p<-sveji-’ta»v#j Ml*! i V. r\ l i auliful ■ 

tible. i ■ i 

7 & 8. Euob of these’ } ; 

ooilfl with united hoJircs’.^.. , . . « r 

drives a |»onre>ful shork l^***^^*^ }" '■ .* 

length of IW yaHs yan'* Oie last 

any I have yet caraiTl“’‘''’"«'’ 
eAoed. 

y. All the effects very iadlifert iil 

10. Not perceptible 

wrii" *-««’ «•-« 

litee uiiiteth ■ 


'luii’cd to prodiirci n 
incahiirc of Gas. 
4N 


not ^ 

IS * 


\ ory good 


4’fuK(liaiP!sUu‘ of the wires in fractional paitH of an iniya. 

When tlif* helices arc iruiniimiril as united, if i>,irirant CmU the end of Ihr 
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• Hy Mr. Wright. 

II. 11je eflects troni this helix witli the snuill lottery ;i])ovc- 
jneiitioned were not so good as from Nos. 7 and 8 e(>njoine(! ; 
when however it was connected with a series of four of Oaiiic fs 
cells 3 feet high by 4 indies in diameter, the sparks and scintilla- 
tions were very splendid ; the decomposition with tln> battery were 
not tried, as 1 had not tiien a decomposing ajiparatus at hand. 

All the iron used in the above coils was carefully annealed and 
the copper wire new and had nal hevn coiled at atuf previous time. 

From the foregoing experiments it would seem that the most 
efficient form that can bo given to those machines, is that of an 
elongated helix enclosing a core of ///i;/ soft iron wires of not more 
than a quarter of an inch in diameter, and that if it sl't>uid be re- 
quired to increase tlie size of tlie machine, the 7mnibcr <if rf.ils aiul 
not their dicarneter or length, should be multiplied. The mo.st 
advantageous length for the battery current stt^ms to be about 20 
or 25 yards, I am not, however, quite sure as to this, with regard 
to decompositions. 

If the coils are multi pi io<l gn*at care nuist !>e taken that tl v 
length of wires, texture of jnetal, and method of coiling are rxaclhf 
similar in each coil, Atherwise the stronger currents will u*si^ the 
wire of the A'oaker ones as partial conductors, and thereby very 
greatly deteriorate the action of the whole of them: thus if wc 
unite a helix of 40 yards and one of t‘0 in a double strand w e sifali 
not obtain near so strong a shock as from either ol’ them singly ; 
but if we unite tw o helice.s of c(jua) length, the shock is .so)netimt*s 
better, tlie decoin [losition and ilertagrntions always so. 

I have fitted up the coils 7 **nid S with my vibrating elcctrolome/ 
dc*scribed in a late^number of the *' Annals"*: and by a, particular 
arranginnent of springs pressing against each other in various direc- 
tions, I can instantly vary^the quantity or intensity of the current, 
to obtain it from lengths of 25, 50, 1 00, or 1 60 yards, or from 
a double length of 26 yards. 

The foot-boai'd of tlie machine is hollow' in order to admit a fini 
battery iurultTneatli. * 

Flat BaUeni , — Having noticed, (as I have no doubt many of 
your readers have) that in theoidinary cylindrical battery, the salt 

I 

hadoA' lielix is ti> tlii* coinmi'ncciaoiu of ihi* upper one so as to form i n** 

c*ontuui(»u< tlie battory furr<^nt l»oiu« pa.sscd ilirouijh tho thicker helix. 

[; With this coW aiul bt»ih heliet-s united, I w-as enabled io unilHt*** the aeti^>u 
of the (.i\iuu“tiis Kleofnous with luivai success, by inserting two pieces of tinfoil 
in a tub of water and <'onjie<^ing ihirm wiUi tho coil ; if the luml was pl.u'^^l in 
tho water a shuck whs immediately fMt which >vaa very severe when b<ith liiuids 
were iiwnci*sed. ^ 

♦ III luy publinhed desctiptioii of tliis elceuntSine I was mw} to perceive an 
error iu the diawinjj ; the euutact wa» there shown to bo broken at the end ef 
the sprini', ivhoreas it misfit to have been at a point»aKmt an iuon and a haU 
nearer the iiiid.llo vf it ;* an olootTOtoiiio fbu.^ c<»n.strueU*d will vibrate a liiflo 
lime Rfter heing jerkt'd by the finger, without the aid ef (he odl: it will bo 
advisable to hme the touching points, irhivh ^himld he tipped with platina; 

(lie sprint' should bo about four inches long nml pres.s .sirongly on the hniss bar 
against whic h it libri^a; somo of tho elecUoUnues that I luiNc. tluu made are 
ffuifr tuusie>if. 
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In the cupreous solution is very liable to subside, l>y means of 
wliicli, the action, when long continued, is in a great measure con- 
fined to the lower part of the arrangement, which is evident from 
the copper becoming consi<lerably thicker at the lower, than at the 
upper part, I was led to construct a battery in tlie following 
manner a piece of thin sheet copper was bent up at the edges in 
the form of a tray, in the inside of this was placed a similar tray 
of thin mil-board, cemented at the sides, and furnished with small 
legs of sealing wax, — Zinc and salt 'and water in the mill-board 
tray — sulphate of copper in the copper one. 

This battery has many advantages : — it is contriictcd at an ex- 
pense not greater than the cost of the materials — tlie action is very 
equable — and it can be easily slipped under the foot-board of any 
piece of apparatus to which it may be applied ; if it is required to 
employ a series of <,hem, they may be piled upon e/ich other, tlie 
wires of the zinc plates pressing with a spring on the copper nt'xt 
above ; and as it it is not necessary that the trays should be more 
tkan an inch deep, a large* battery* on this construction might be 
packed in a comparatively small space. 

Mr. Uriah Clarke has, I atn sorry to obsVTve, accused me of 
copying his electro-magnetic maclinie ; this is certainly not tin* 
c‘a$e, and if necessary I could adduce proof to tlie contrary ; 1 
ca?lViot say however tliat I see mucIV resemblance in ihe two 
arrangements further than that they have each a reciprocating mo- 
tion ; I consider Mr. Clarke's much superior to mine as to the* 
crank point, though I think he will firul that great power is gained 
by partially continuing the armatures on the magnet. I have not 
proceeded >vith my engine, as I fancy I have hit upon a more effi- 
cient plan. I have very little expectiition however of these engines 
being applicable to the w'orking of inachjnery ; — at least economi- 
cally. They are very interesting toys. ^ 

J am, my dear Sir, 

‘ Very truly your’s, 

William Sturgeon, Esq. ' tHOMAS WRIGUC, 


L . — On the Theory of Either fictUion, { JFAherbildung) \ By Puo- 

F£S8pR HeINIUCH RoSK. ♦. " * 

It is known that many salts of the oxide of bismith, of the oxide 
of quicksilver, of the oxidh of antinri*ii>ny> and other metallic oxides, 
become. decomposed by water. They, usually, by that means be- 
come transformed intoi>a8ic salts: but sometimes by the application 
of a sufficient quantity of water, tlie decomposition procet'ds to the 
separatiim of {rare oxide ; as, for instance, with tlie nitrati* of the 
oxide of quicksilver. 

The explanations which are usually given of th<%e dccoiupositions 
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is, tliat we admit that the water resolves the neutral salt ot* a nu.'ta]lic 
Mxide into an acid anrl a basic salt, in a similar manner to ih.ii in 
winch nitric acid transforms red super-oxide of lead ii^to prcAo.xide 
of lead, and brown siiper-oxitle of lead, but the existeiua? of acid 
salts, which, l»y the infliiencc of the water r)n several neumal salts of 
nict«allic oxides, as has been supposed, is not satisfactorily proved : 
for in most eases the water takes only a part of the acid iVom the 
salt, and this dissolves some of* ilie neutral salt, wliich, near the 
point of eoneent ration of the acid solution by evaporation, in most 
e;tses crystallizes and se[>arat(?s as a neutral salt ; and but very 
seldom as a double combination of neutral >'\]\. and acid hydrate, 
hi many eases tlie «prmtity o^* salt, which dis.-olves in llie ac id i^ 
exceediiiL^ly small ; Svinietime.r> not any, and the \vh(*lo cpjantit}" c»f 
the oxide forins an insoluhh? l)asic .salt. 

riie easie.st tcvplaiiation whieli ne can 4>f these deeomj)o.si- 

tions by water,. apjKxars to me to be thi.*-, that it is the water which 
acts as a base, aiul .soi)arates the oxide as a basic .salt ; or, sometimes 
even in a pure c<mdition, and- combii\e-. with tlie acid to form a 
hydrate. ’I'his explanation will beiome the more admissable as wr 
have already been accustomed to consider the liydrates of acids as 
saline eoinpoiinds, in which t!x‘ wate r represent. s :i fixetl ba<e. It 
i.s well known what fertile inference.s for llu^ whole theory of (he- 
mistry have been drawn by 4.lu‘>e view -, of* tlie nature i>f tin* aetv^!» 
and ('specially by Ciraham, Berzelius, and Liebig. 

In fact, it is p.avtit'ularly tiu* salts of such metallic oxides as arc 
not posses.sod of stronjr basi<! prupeilics which by water luTonie 
<h.*coniposed. The .silts of the mori* ibrmidable basc'.s do not dis- 
play tln'.s phenomwion. 

According to this view’ these decompositions are an.ala’i^ous to the 
conversion of the red oxide of lead into tin* bnnvn super-oxide aiul 
the prot(^xiilc of lead by uneans of nitric acid, only that they are of 
aTlircctly opposite kind ; for the slroiii*’ acid, in a combination of 
protoxide of Icail with the peroxitle, (*xpels thi* elect r(i-ne^ative 
hotly, and combines with tlv' basic. 

The w’at(f?r occurs, also, as ;i base in utlier c.ises. and sometimes 
di.Hplaees oth<*'r ba.se.s from their eombinatinns. As, howev(*r, it 
abvay.s belongs to the weak»'r b.ises, ami is at the same lime volatile. 
su»*fc^ cases are not very freipieiit. But although itself volatile, it 
can expel the volatile oxide of ammonium from its combinations. It' 
a solution of sulphate of the oxide of ammonium be boiled for a long 
time it become.s iuid, and provided tlu* boiling be in a ret<»rt, a 
fluid, containing free. ammo:<ia, distils over into the recipient. 
This result obviously proceeds from the water, as a base, expelling 
the oxide of aininonium, (which' in a ftW .strife v:ivt\oi exist, but is 
re.solved into ammonia and water) from its combination witli sul- 
phuric acid, rvith which it eiitiM'shito a combfnalion. fhe cpiantity 
of tile sulphate of the oxiile of ammonia, which, in tin’s w'ay, bo 
(*oines (h‘eompo.sed, is ciTtainly very small ; w<» must, howevc^r, 
consider (hat the oxide of aniinunium belongs to tlu* most powertul 
liases, and this result is principally to be attribute.] t(* c.‘5 Superior 
volatility. 
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tf we apply the foregoiii|5 explanation of the tlecomposilioii of 
many saltrf by water, to the theory of /Etherification, much sinii)li- 
city will be derived. 

xlcrzelius and Liebig have adopted the view, that the icther may 
be regarded as a base, which view has found such general appro- 
bation that it is become almost universally adopted, at least in 
Germany. 

It is known that the salts €>f the oxide of .'ethyl, (tlu* eoiopoiind 
ictliers) by bases, become more or less easily decvmi posed wh<jp 
water is present: for those bases associate themselves with the acid 
of the compound, and liberate the oxide ol’ letliyl as a hydrate 
(alcohol.) 

The same decomposition, nevertheless, is also caused hy water, 
which, in this case, obviously operatt\s as a, base. Some compounds 
of the oxide of a tli}*! become as easily dfu'omposed liy water, as by 
the operation of many <»ther bases ; as, for instaiuas is the c ase with 
oxalic lether, which, hy water, becomes resol vc ti into hydrate* of 
oyalic acid and alccjhoL To aceoifiplisli this transformation it is 
not necessary to enipic^y a high tetnperatnre, because it takes ])lace 
even at the coinmoii temperature, and, indeed/hin a very .short time. 

'fhe acid .sulphate of* oxide of a.*thyl, or rather the ec/mbination of 
the sulphates of the oxide of icthyl with hydrated sidplpirie acid, 
(stlj,phovinic acid) in its solution in \fider, .also suffers a [)reciscly 
similar decomposition. Kven at the lohnnon t<miperat»ire, in this 
case, will alcohol and hydrate of sulplmriii acid he gradually 
formed ; hut theii formation is mueh (fuiekc»ned by boiling. 

Ml is process may also be easily explaincil on llu* supposition 
that the water operating a.s a basc^ liberates the ox'ide offcthyl from 
its combinaltion with the sulphuric acid, which, at the moment of 
separatioji, takes up water and fbinis alcohol. 

'fhe ac]ueous solutions of nearly all tfie sidphovinatc*s heeoi^je 
.similarly dc'composed, and especially when boiled. Alcohol and 
water evaporate, and in the solution is formed a .so called acid sul- 
phate, tliat is to say, a double compound ol*the neutral salt,,whi(<i, 
with t!ie hydrate of .sulphuric acid, pre-crxistcal in tluj sulphovinate 
salt. 

If sulphovinic acid he lu'ated witli only a small ejuantity of 
water, no alcohol will H(? obUtined, hut principally hydrated Sul- 
phuric acid, and pure oxide of .n[*thyl, <)r lether. There is not a 
sufficiency of water present to transform the liberated a'ther into 
alcohol. ^ 

If alcohol be mixed with hydrated eulphuric acid, sulphovinic 
acid .becomes formed, or a double co|npouii<i of neutral sul[)])ate of 
oxide^of mthyl \#ith the hydrated sulphuric acid. By tlie forma- 
tion of .sulphate of oxide of a'thyl two atoni.s of water are set free ; 
one from the hydrated sulphuric acid smd the other from the alco- 
hol. By heating the mixture, one of those f r<!e atoms of water 
liberates oxide of sethyl from its combination with sulphuric acid, 
combines with the acid, and forms hydrated sulphuric acid. 

But wliy does not the (ether combme with wateir at the moment 
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it is liberated, and thus form alcohol ? The water is sufficic?ntly 
plentiful, becriusc the liberation of the irther requires only one al<aii 
of water ; and at the formation of sulphovitiic acid, even ,w1kti 
anhydrous alcohol is employed, two atoms are set free. 

It is known, that sulphuric acid can take up more thait*one atom 
bf‘ water to form a hydrate. \Vc know, also, tliat, besides the 
cNiniriiou Ijydrate with one atom of Avater, there is a second, Avhicli 
can be prepared in a cry.^itallinc state, and which COllbiiliS two atoms 
of Wdter^ This compound corresponds to a basic sulphate salt. 

The (iispositioii ol the hydrate of sulphuric acid to take up more 
water is very .iJfreat, and it is einployecl on this account for various 
purposes in our laboratori(‘s. It is tJiis wliich prevents the aether, 
ori<rinatin^ trom the decomposition of the sulphovinic acid, from 
taking nji the second atom of‘ water ; hut if the mixture is uninter- 
ruptedly boded for sonie time, tlu* hyilratcd ‘sulphuric acid loses 
tlje acijuired water, whi(*h may then be distilled over in company 
with the a.‘ther. ‘l’h(‘ jellu r may therefore, from a mixture 

ol‘the hydrate of sulphuric acid a*nd alcohol, be distilled over at 
same time with "vatcr ; but they art! not the products of one, 
but of tw'o chemical processes, Avhich arc both active top:etlK'i in 
tlie boiling- mixture. ^ 

At tlie ^:omineiicenient of the o]K'ration, hut very little water 
)>asses over along with the* .Hher and that alcohol contained in ♦Jie 
inixtvire, which has not been converted into ^lllphovilne acid so, 
that the water remaiits dissolved in the distilled alcoholic iether, and 
does not st'parate ; the quantity of water increases by further dis- 
tiilalion, ifspecially at a higli temperature, when tin* quantity of 
the second hydrate ‘of sulphuric acitl has augmented. 

Anhydrous alcohol is scarcely ever employed in the preparation 
of ;cther, but generally hydrated. It is evident that in the latter 
c:^* 5 |? the cpiantity of tlu* siVtind hydr.ite of sulphuric acid must be 
considerably increased. 1 he experiments of* Lii'hig, Magnus, and 
Marchaml Iiave shown that in thctcold this >ccond hydrate cannot 
form su),j)hovinic acid with alcoliol, hut does so at a higlier tempe- 
rature, anti thifcforc that .‘'Uch a mixture tin boiling can give ;vthcr 
by distillation. But it is known that by employing hydratctl, 
or even anhydrous alcohtil, there is aUvays a portion of it Avluch is 
not converted into sulphovinic acid, and thift (piaiuity may bo dis- 
tilled as alcohol from the luixture. A second jxirlion of aleolioh 
which distils over in company with the ;ether, in the formation of 
fothcr, may, however, producetl in this way, — that ;ether and 
water are contemporaneously disengaged tVom llie mixture, and 
combine to form alcolml ; for it produced only in this w^•Jy when 
a solution of pure sulplmvinie aei<l is boiled willi ihuch watoi*. or 
compound frther.s decomposed by w ater or^ by the Iiyilraies of* 
bases- 

VVhen, however, from the tendency of the h\HlVatc of suljihnric 
acid to take up more water, ;ether has been evolved fumi a mixliive 
of alcohol and sulj)hurje ac*id, it ilocs not take up aiiy water after 
being oiict* separated: hut water may be <bVtille4l o'cr fiy heating 
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the diluted sulphuric acid. We know that when fetlior is treated 
>vith water, or even dissolved iti it, no alcohol is lonned. Wheri 
lether -is once separated from a compound of oxide of adhyi; tJie 
former can in «iu way be converted by water into alcohol. Only 
W'hen, as above observed, the ;ethcr comes in contact with watcT at 
the lUfiinent of its expulsion clocks it form alcohol witJi it. 'fhe 
contemporaneous disen^a«einenl of ;elher and water, from a boiling’ 
mixture of alcoliol and the hydrate of sulphnrie aci I, shows therc*- 
fore quite evidently that both owe their origin to two ^'.lislincl 
proeevsses* 

Moreover, it is by means an anomalous j)hii. iioimuion lliat a 
base, wliich is caj»ablt* (»f forming a hydrate, cliu's not cm djine with 
Walter wlien brought intci contact witli it in a ]Min* stat(' ; a trrc. t 
niiml)cr of cases of this kind occur in inor<rariic chemi>try. \\ c 
need only comparef {rthcr wit!i that numerous class of i/^nilcd 
oxides in which so compact a state of cohesion is prcHluccd by heat, 
that they not only with<»taTid the action of water, but even ciitircly 
cv* partially that of acids, to find abiindaTit ])roof of such analo«it > 
'ihe ignited oxides with these properties always beuaii^ to the 
w'eaker phases, under which a*ther must necessarily In? classed. 
iEther may be assiinilated to these oxides the iiiore, as it lik(» tlieni 
coinbinc.s directly with acids witli dilficiijty. * 

fnit even amonf; the stroiifi^er bases (?*e find some w’hose relations 
to w'ater resemble those of a tlier. When oxide*. (»f cojiper is pre- 
cipitated in the cold b} bases from solutions oV s.ilts of the? oxide.s 
of copper, it appears as a hydrate of 'the*oxidc of co|)pcT ; whii‘h, 
however, on bein^ hcvitcd under water, lose.s its waten and does 
not take it, up ajij^aiu wdicu left in contact witli it at a higher, or at 
the <!ominon ttunperature. 

To find out at what period, in the proyaration of a thcr by boil- 
ing a mixture of alcohol ami sulphurir acid, w ater commences 
pass over, M. \\ ittstock, at iny reqm*st, instituted a series of experi- 
ments, which, ho had the kindne'Ts to connintni(*atc to me. 

Tw o pounds of the hydrate of sulpl/urie acid w ere inixrd eftld 
with tw'o }>ounds of anhy<lroiis alcoliol, tlie mixlurv was niaih* to 
boil with all possible haste in a retort, the distilh'd products, well 
cooled, were gradually received, and the distillation continued ujjtil 
the contents of the retort lioilcd over. ^ 

I’Jie wi'ight and specific gravity of tlur products were determined 
as they distilled over in suceession. "I'he results .are as follows: — 
First distill at ion : II drachms 50 grains ; spec. gr. 0*776^; pro- 
duced before th<; boiling of ‘the mixture, 'fhe following 
products passed over after it^ boiling : — 

Second ; .S oiince.s 6 drachms ; spec. gr. 0*808. 

Fkird : ♦ounces 0 drachms ; spiM\ gr. O 800. 

Fourth: ; ounces (i dracinri.s ; spec. gr. 0*7 8(i. 

Fifth : .7 ounces 5 drachms 50 gi s. ; spec. gr. 0*776. 

Sixth : ounces I drachm .00 grs. ; spec gr. 076 1. 

* 'llaHtvprrifM* pjrav i tier s .both h<*r<- woll a*< thn*.*- lo Jx*. imnlionr-l Mubs»' 
-.•n.Dfly, wfvr aU tb tf-imiia-J at ! Ki.aniin. T.ihr. ^ 
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Sn:vnlh: 1 ounce 7 drachms 10 grs. ; s|ic.'c. gr. O-SOy. 

: I ounce 2 rlrachins. 

'riu! first five jjrudncls consisted of a single lifjuid ; the sixtli was 
the first in which .i lay(*r of water and of fctlier were yerceptlhle. 
file (juanlity f>f S(‘)>a rated water amoimtcd to drachms; tlu‘ 
a-thereal lirpiid had the specific gravity mentioned above. d‘|j<- 
seventh producl consisted in voUiuie of* two parts water, and tliree 
parts of an (ethereal fluid r»f the s])eciH<' gravity stated ; the eighth 
coiisi^ti>d almost entirely of water, aliove which floated a very thin 
i iyer of lotluM', which wa^^ ctiloured yellow by oil <»t‘ wine. I'lu* 
eonteiits of the retort I)oil(*d over on tin* conliniied application nf 
heat. 

'J'lic fir^t five products con<i>-ted of'iethcr mixed with alcohol, 
vdiieh la^t was coiitaiiu'd in the retort a> such, and not converted 
into Hiilphovinic acifl, and eva])orated from tin* hiixturc in company 
with the (ether. 1'he first product, which distilled over at the 
!owc\st lempeiMiun^, contaiiuul, to judge iVom its isp(Tilic gravity, 
much fctbcr, ind little alcohol, quite tjphoscd to the general opinion 
tfiat ;etlu*r is only tbrnu‘d at th(j hcfiling-point of the nn'xttirc. 'l*he 
succc(dmg products^ gradually l)ec;une, accordin.g to their sjiccifilc 
gravity, constantly more (ethereal, and contaim d less alcohol ; hut 
only in tin* sixth produet was there so much water that it se parated, 
ami tli<^ quantity increased .hi projiortion as tluMlistjUation was /on- 
timi(*d. 

'flu* first six proifud.- sau lt hut slightly of oil of wine ; hut the 
seventh contained a portion, and als(> >nu^!t 4»f snlphunai.^ a(‘id. 
Afu*r tiu? first S4*vcn prodiU‘ts had In cn nh\i‘d togetlua*, ami tlu- 
separated water removed, they liad a specific gravity of ,0 78.s. 

Ft is \vell known that a'thcr is prepared, of late, in the most ad-' 
vanlagcons manner, by allow ing a .siuall stream of alcohol to flow 
c,«istantly into a mixture of alcolml and the hydrate of snljilmrie 
acid. It has l)e<ai denied that the pvesenee of sulphovinic acid is 
ofrssc'ntud influenee in the fonn.-nion of*a‘ther, and asserted that ii 
is hot necessary that the foVmatujn of this acid should prcceth* that 
of lether, because in the method of prep.iring ictlier alluded to, the 
boiling mixture must he eonstantly at a temperature of 1 10'“^ cent., 
at iwliieli sulphovinic .u id could mil exist. ^ But at the point w hen- 
the current of cold aleoliol flows into the lioiling mixtuns the tem- 
perature is iindei 110"' 'fhe stdphovinic aeid fonmxl is ilecom- 
posed it is true^ in a very short timet from its ,so«m accpiiring tfie 
temperature of the hoi'hng litpiid. fhe preparation ofather. ac- 
cording to llie ahov<» metliod, consists therefore in a constant form- 
ation, and continual doeomposilion of sulphovinic at^id. It is a pu'ttv 
generally entertaineil opinion that the proiluetum of ;rtlu r from a 
mixture of alcohol and sulphuric acid, is solely cifectcd by the Inal- 
ing of the mixlure, whicli takes place at a high temperature. al)out 
1 10« (\ In nnmy works on chemistry wi‘ jned w ith the asser- 
tion that when a mixture of sulphuric acid and aic<»lH>l are heated 
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at a temperature, not high enough for it to boil, no irther, but merely 
anhydrous alcohol, is obtained. 

Were this assertion correct, it would be an important objection to 
the hypothesis I have advanced ; for, according to that, it would be 
somewhat fliflicult to explain the circumstance why the oxide of 
lethyl is separated at a lower temperature, as a dydrate, and at a 
higher one in an anhydnms state. 

But this common opinion is founded on an error, whicli to uw is 
quite incomprehensible. yKther is obtained even from a mixture of 
the hydrate of sulphuric acid ami anhydrous alcohol, when distilled 
in a water-bath, at a temperature which need not always amount to 
the boiling heat of water. It is not indt^Ml recjuisite to employ an- 
hydrous alcohol, but the hj^drated, of fjO per cent. 1'ralles*, to obtain 
a'thcr Iroin a mixture at the above-mentioned tempe^rature. 

Mr. Wittstock, att iny reejuest, had the goodness to institute a 
series of experiments on this point, and communicat(?d the result 
to me. 

Fifteen ounces of anhydrous alcohol were mixed in the cold, 
with an equal weight of the liydrate of suljdmric acid, and the mix- 
ture dii:tilled at a temperature at which it coukl not boil strongly, 
'fho products, well cooled, were sHecesslvf‘ly receiv<?d, and the 
temperature at which they passed over accurately noted. . 

\Firxf product : 1 dr. 10 grs., spec. ^-r. 0.8 1 7, 

passed over at from *. ()(i^ to lb 

Second product: 8 o/. 1 dr. 10 gr., sjiec. gr. 

0.7!j'2, passed over at from Ob'"' — „ 

Third prfuluct : <lrs. f>7 grs., sp(;f.‘. gr. 

passed over at from .' — 80*^ ,, 

Fonrlh product : ^2 o/.. U) grs., spec. gr. 0.74y, 

passed over at from fJO'^ — ,, 

Eiflh product : O drs. * ^ 

When the mixture had rcJichod the temperature of 90^ it began 
to boil very slightly ; the boiling, Jm we v(*r, subsequently (’eased at 
this temperature, but even then lether «was diseiig:iged irojn tlm' 
mixture in bubbles, ju.*it as carbonic acid gas escapes al^the coiuuioii 
temperature from a liquid strongly saturated Motli it. 

F'rom these experiments it is evident that sethcr itF formed at far 
lower temperatures thart is usually suj)po.sed. The first proAift 
smelled indeed strongly of a ther ; but etiefly consisted, which is 
also indicated by the specific gravity, of alcohol, wliieh liad not 
lieeii converted, by mixing with sulphuric ,'icid, into sulphovinic 
acid ; icther could not be .separated frefm it, either by water or even 
by chloride of ctalcium. Tlie sccoqd, third, and fourth prcKlucts 
consisted, on the t-ontrary, principjdly ot icthcr, which could even 
f)e separated by mere washing with water. 'Die fifth was the first 
that contained free water, and indeed, in volume, more than tlie 
half. The specific gravity of the aitliereal liquid floating above it 
• Thut is 110 per c oaf. shKolutf* aln>hf‘l by volum!*. 
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was not determined. This last product distilled over very slowly, 
althougli at times the temperature was raised to 100® K. 

Tt results from these experiments tliat a'ther which is producc^d 
at lower temperatiircfs than is requisite to ))oil tlie inixtiyrc, is at tlic 
same time purer, and contains less alcohol and w'ater tlian o ther 
which has been prepaied by strong boiling. A coni|>arison of* the 
specific gravities with tlioM* previously mentioned, set tin’s evidently 
beyond all doubt. At a low temperature the Avater especially 
eseape;i later, and therefore only in the last product could s<.*parated 
Avater he observed, a proof that it is not disengaged in company 
wdtlt the icther. 

TI. A second series of experiments proved this in a still more 
decided manner, so that there c*an no longer remain any doiilit on 
the subject that icUier can be evolved in abundance at the Imiling- 

jioint of Avaier. 

Sevcntcicn ounces of anJiydrous alcohol of spt?cifie gravity 0.7f)2 
were mixed cold Avith 18 ounces of tlie hydrate of sulphuric acid, 
and the mixture subjected to distillation in a Avaler-bath wlioSe 
lemperature fretpientiy <lid not even attain that of boiling Avater. 
'J'he (jiiantities takiMi* are in the^ proport ion of >ingle etpiivalents of 
each of the suibstanccs employed ; they were taken in this ]>ropor- 
lion, partly because it appvoaches that which otherwise is cmploved 
in the preparation of u tlier., when eijual parts l)y weight of alcohol 
and sulphuric aci<l. are employed, and also in order to have no excess 
of sulphuric acid. 

The results of the experiments are as follows : — 

Fit\s‘( pnulurt . o drachms. 

Second prod tut : flounces fi drachms ; s])ec. gr. 0'7»;'5. 

Third product: drachms ; spec. gr. ()'7 
Fourth product* ^ 

^Ncn the first jn oduct cousistcil of nearly pure ielher ; for a so- 
lution of acetate of potash separated ielher from the liquid to the 
amount of tAvo thirds <if its volume. 

The tltnirth and Inst pro<lucts contained frce^AA'ater, and consisted 
of nearly half^of it by volume ; but it distilled over so sUnvly in 
the Avater-balh, that several hours Avere necessary to obtain a Icav 
dn^'hins of it. From tlie specific gravities ij Avill be perceived that 
the sflScond, and especially the thir<l product, consisted of a tlu r fir 
more pure than is obtained* in other modes of preparing that sulv- 
stance. 

III. As the idea is sn general, that a tlier is formeil from a mix- 
ture of alcohol and sulphuric acid only on boiling, ami as in the 
usual mode of distilling, hydrnt»*d, and isot judiycVoru^ alcolml i- 
employed, a neAV series of experiments were performed Avith the 
former. • 

A pound of rdcohol of 90 S' rralles, such as is usually cmploycil 
in the preparation ofa ther, w'as mixed in the cold Avitli a pound ot 
the hydrate of sulphuric acid, ami the mixture sul\iccted to distil- 
lation in a AArater-l>||ith, as in the second scries of i xpcrniieuts^ 1 lie 
results were ; , 



360 On ihe Theory of her i/i cation, J 

First product .• 4 drs. 36 fjrs. ; spec. f^r. 0.833. 

Second product: 2 o3C. 4 drs. 20 ^rs. ,* spec*, 0.737- 
Third product : 4 drs. ^>0 ^i^rs. ; spec. gr. 0.78y. 

• Foufih product: 5 drs. 17 grs. ; spec. gr. 0.7 8y- 
Fifth ^product. 

The first product consisted almost entirely of alcohol, as indi- 
cated by the specific gravity. The succ<‘cding ones contained iTiiic*h 
a.*ther, or consisted mostly of it. Free water also was evident in 
this case only in the fifth and last product, which consisted ^of one 
drachm of litpiid, of which only one fourth was separated water. 
To distil this small quantity over, it was necessary to heat for more 
than five hours. 

The' i»*ther obtained from a mixture of sulphuric acid aiid al- 
cohol, at the tenipcratiin' of boiling water, is far more pure, as may 
be anticipated, and»s indicated li}* the specific gravities of the pro- 
ducts, when anhydrous, instead of hydrated, al(*ohal is employed. 
The ictlier obtain(*d iVoni hydrated alcoliol in this way contains 
more alcohol, hccausc iij)oii»mixing'hydratc*d alcohol witlt .siilphurie 
acid, hiSs is converted into sulphovinic acid, an<l more remains in a 
free state in tlic mixture, than when absoWite alcohol is used. 
According, however, to the tlieory ^dv.inccd in this fnenVoir, onl}' 
that portion of the alcohol can produce u tlicr which has-been con- 
verted into sulphovinic acid, and ihte Either di.stils i>vcr \vl)c*n 
heated, iti company with the free alcoluM. 

The fact that a tlicr is produced from a mi.tturc of alcohol ;m<l 
sulphuric acid even at thtJ boiling-point of water, is indct‘d highly 
important in tlie theory of the fovmation uf‘ iclhcr, anil by tliis 
method tin; a ther is also obtained more pure, cspVcially from water, 
and of a far lower specific griivity than when distilled at a boiling 
heat ; but it is not eoiiviuuent in the prcj)aration of ictlier, in so far 
as at this low temperature the ;/ ther, .aiuf jiarticularly the last p^- 
ducts, pass over with great slowness. 

One fact, however, seems not -to admit of being ijuitc satisfac- 
torily explained by the prc.scnt theory.^ Seeing that watcr^acts^s 
a base upon the oxiife ol* u thyl, and disengages it from its com- 
binations, it must ajipcar surprising that stronger liases tlnin w'atcr 
do not effect this separation still inure perfectly. Jfhit .solutions of 
the siilphovinatc of ])ot!tsh and soda m;iy bi? treated with an etifti.ss 
of potash without the oxide of a lhyj being expelled ; and even tin* 
salts of the alkaline eartlis can exist in contact with an excess of 
base. ^ 

Kilt there seems to be a differcficc in properties between the 
double compound of the, hydrate pf sulphuric acid with the sul- 
phate of the o^ide of a*thyl and the other sulpliovinates. The 
former is far easier di*/^:ornposed l)y water than thi? latter ; but tliis 
fact is by no means without analogy. Water is able to decompose 
many .salts of the oxiile of antimony, and displace the latter from 
the.se comlnnations as a basic salt ; but the combinations of the 
oxide qf antimony with tartaric acid, and other imvolatile organic 
acids, arc not dcconqiosed by water. 
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According to the earlier nicthod in use, a'thcr was obtained from 
a mixture of equal parts, by weight, of sulphuric^ aeid and aleohol ; 
but there fs in(>r(‘ alcoluj) at the commeiicemeiit than is reTpiisite. 
In the protrress of the distillation, liowever, the (juantitj^of sulphu^ 
ric acid becomes constantly predoniinatinff, in proportion as the 
aleohol passes over as icther ; and iroin the _i»reat excess of the 
li3'draie of sulplnirie. acid, the liberated u tlier is itself (k'Com posed 
])y tlie boiling', whieh in ibis eas(? takes ]>laee at a hi;^h temperature, 
and is^tlien first eoiivcrlcd into a «loid.)le compound of tlie sul])liate 
of the oxide of a*thyl witli sulphate of letherol (tW inri).) ; and 
lastly olian^ed by th(» boiling- into oK fiant ii;as, from tlie ])rt‘Se»Kv 
of too great a <juantity of tlie ]j\'dralc of -nlpluirie acid, and Iroiii 
loo liigli a t<anj)tMMture. 

Tin's change of aether into oil of wine anrl olefiant gas, l\y an 
excess of sulphurii* a(‘id and too high a teiilperature, is not the 
f(*sult of a mere deprivatiim of watei, as miglit he concluded from 
a comparison s)f tln‘ composition of tlu'se substances with that of 
lelher ; for as soon as the slightest tra’ee ni' oil of wine is evidcait 
in the formation of the lelhev, a corresponding trace of sidphuvous 
a<ad is ^lisengage<i, tlu* (piimtity of which becomes more eonsider- 
able if olefiant gas is formed. 'The })roduetion of sidphurous acid 
stands thcretVire in dc'finiu? connexion with that of the oil of wine 
;ind olefiant gas. Since the origin of tv\o bodies takes place 

<inly at a high teiiipcratmx*, cspecialli* th:rt o(‘tlu' oh^fiant gas, these 
sulistanec'^ nndoubtcdlv owe tlu'ir origin to a similar action of sul- 
phuric :u‘id on a-lher, as this a< iil exerts on c;thcr bodies of organic 
origin ai higli temptUMturt's. The sulpimric acui is t-oloiircd bl.ick 
b\' tlios(‘, at the bigli temperatun\ w iti; tlu‘ e\ o!ution ot‘ sulphurous 
acid aiul separation of’ a carbonaceous sub'-t nice : tlie saie.e also 
takes place in the ill-'till.ij.itin i>f ivtiur, wiicn c«>ntinued to the pro- 
jection of oil of wine and okfiaiit gas, 

'fhe origin of tbi> coaly mattt r, wliic-li b;is rcccntlv been ex- 
amined by Mrdmann ami I.o'-c**', stands thendbre in eonnexion 
\J^th that of tlie sulphurons acid, oil of’ wine, and olefiant gas ; 
eoii'-eipieiuly# the formation of ibis hotly is tlu‘ result of another 
process, wdiich very likely lias nothing to do with tht* formation of 
l|i^* ietlua*. • ^ 

hen therefore a’tluM is prepavi'd froin a mixturt' of sulpimric 
aciil ami alcohol at a vevv^low temperature, it is ]>erfectiy free from 
od of wane ; and, in fact, not a traee of that. sub>tanct' eoulil he 
observed in tlie first j^'oihicl^ whieh where t>bniinetl by the above 
distillations, not only in those that were pcrfornievl in tlie wattT- 
hath, but. also in those w hich were eai*ri(‘d tni at a gentle heat in 
the sand bath. Kvtui tlie last jiroduets appearetf to be pcrfcctlv 
free frtiiu it ; but it* a consider.ddc quantit\»of the .ciliereal hipud 
was evaporated <m blotting paper, a very slight smell of it might 
bo discovereil, n<.iaee liow ever so insigniiieaiit, that in<li\ iduals not 
well «ac<]iiainted wdlh the (Kloiir i>f t»il of wine eouM not perceive, 
it. Moreover, ^hen the distillathm was at an end, rlu^ Residuum 

* l*oi;;^rruforfr'i i. \v»K vhii. y. 
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in Ihe rctoiM was, it is true, of a dark colour, but luit (loop 
so that it resemblcfl a brownish vitriiil, such us freipicntly occurs 
in commerce ; the residue smelt as sli^litly of sulphud-oiis aciil as 
the distilled a?thcr did of oil of wine. Not a trace of carbonaceous 
substance Vas separated. The process by which oil of wine is 
produced, commences, therefore, in the mixture prepared lor the 
ilistillation of ipthcr, even at the boiling-point of water, at least 
when this is long continued ; but even then the forinalioii of this 
body at that temperature is (juite IriHing in amount. ^ 

When lether is distilled from a mixture of sulphuric acid and 
alcohol ill the water-bath, av(‘ obtain, as is evident from tlie above 
results, less jelher than w e might expect from the quantity of alco- 
hol employed, and the residue weighs morx^ in proportion, in tin* 
last series of experiments described, in which o ther was prepared 
in the w'ater-bath, tjie residuum, on employing 17 ounces of abso- 
lute alcolinl and IS ounces of sulphuric aciil, weighed 527 ounces, 
and the distilleij aleohol a*ther ounces ; the loss consisU'd partly 
ip the water distilled, the <piaiitity bf wliich was not determined, in 
volatilized a tlier, which in this ease volatilized the more, as it was 
iitarly pure, and also in the. los> which occurs «?.)y pouring out. Ou 
employing one pound of by drated* alcohol and one jjbiiiid of sul- 
phuric acid, the residuum weighed ‘ibj ounces, the yroductsi 4* 
ounces and some draclims ; tlic loss cmisisted partly in the water 
wliich passed over, the quantity of w hich was not accurately deter- 
mined. In both cases therefore, I asides w ate rf tether also remained 
w'ith the suijiluiric acid, urdoubtedlv as is;etlnoriic acid, probably 
also in [larl as ietluaiie acid. It is very jirobable that the products 
whieli present liiemsclvt s with a-thcr in a distillation when long 
continued and at high temperature, are produced, not by the direct 
decomposition of tlu* ictlier, but by the decomposition of the 
isiethioiiic acid, occasioned by tli<i exets? of sulphuric acid aiv^a 
high temperature ; such as tin* prccipitatctl l arlmnaceous substance, 
the sulphurous acitl, oil of wine, #itul lastl}^ the olefiant gas. 

It is well known that the formation o<' these products is ggneiviJ-ly 
avoided in the prepar.it ion of jetJier by tlie new and y lost pro/i table 
method, in which, as .'ether passes over, a like quantity of alcohol 
is allowed to flow into tlie boiling mixture. I’he action of an excess 
of sulphuric acitl on thft alcoliol, or rath(?ron the is.'i tliitmic at4d(Jal 
a liigh tenqieralure, is thus prevented, • 

When formerly the pnaliiction of* jrtlier was sought to be ex- 
plained !h' the subtraction of tlie w'atcr fiv||n it, by niean.s of sul- 
phuric acid, it might with much justice In* objectial to the present 
explanation, tliat other bodies, wlych lia' c*, Vike sulphuric acid, a 
great affinity b^water, sucli as the hydrate of potash, chloride of* 
calcium, Ac., are riot^able to transform alcohol into lether ; but 
this objection now falls entirely to the ground, as we know that 
the a*ther is not formed by any .subtraction of water, but by the 
decompo.sition of the .siilphovinic acid. 

If }<*thev is regarded as a ba.se, then all the theories on the forma- 
tion ofVthcr are not capable of satisfactorily expfaining lunv a base 
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is dischnrged from a strongly acid liquor, and by a powerful acid. 
It is only by the present explanation, and by the analo^ry which 
the .«?eparation ol* icther from sulphovinic acid bears to the\h‘coin- 
position of several inorganic salts by means of water, and also by 
the above-mentioned analogy of aether witli a series of oxTdes which 
<lo not, or to a very slight extent, combine with acids, that tin’s 
phenomenon loses its anomalous appearance. 

It seems to me liighly desira!)le in organic chemistry, to illus- 
trate processes always as much as possible* by analogous pro- 
cesses in inorganic chemistry. The grcMtest advantages have ac- 
crued to organic chemistry by the endeavours of Bcrj^clius, laebig, 
and Dumas, who liavc pursued this path, frequently starting,, it is 
true, irom very different views. * 

Ft is (iertainly advantageous in .so imperfect a science ns chemis- 
try, and especially organic chemistry, to ascribe provisionally tt> a 
common force ‘all pluenomena which stand isolated, for which no 
suitable analogies can I)e detected, and which on this account 
.appear Avoiulerful, and thus upVnly to •Jidnait that in the ]>reseiit 
;talt* of sciencj* it is better to av^iid ex]>laining a process altogether, 
than tf>/*xplain it by some artihee or in a constraiiual manner, 
fhe smaller the number of pbSuuinK'ua winch we arc compelled 
to rc(cTto,tlns class, the iiiore {>eifect tlie science becomes. 

Setting out from tbi.s of view, 1 have ventured to exjiiiin 

a ju’oce.ss ill orgainc cbemistrv, which has long, and {)articu].i;Ty or’ 
lab* years, cngage<l tlie altcntion t)f cl)enn>ls, as being .•ma!ogt)us to 
evcu'al proccssw in inorganic chennstry : and if the explanation 
should not give general s.‘ili:dacUi>n, tl.c atttunpt to attain 5>o im- 
portant an object, VilK I tru^t, meet with appro!):Uion. 

"I'he ]>resenL theory is valid, it is true, only for llie formation of 
ictlier from a mixture of alcolnd and sul]>Iiiuic ricid ; but cpiiie a 
si»j^lar one may undoubtedly be jwlvanced lor the forinaliou ot‘ 
lether from iiiixture.s of ^dio'^pfiorii* and arsenic acids with alcohol. 
For the ])rescnt, Jiowevev, I leave 4t undecid<*J whether the toroKc 
tic^ ofV'^'thor, by treating ificobol with ffiioboracic as also with 
the ciiloriile pt zinc and other ehlori<Ie-, is to be explained by a 
mere subtraction ot’ water by these substances ; or in this w.-ty. 
that they form ^wit!l alcohol, at thi||Coimnon temperature, combina- 
tioRs^analogoiis to siilpliovinic ;ici* u lnch*are decomposed like it, 
at a high temperature, by <110 agviiey ol’ water. The latter view I 
regard as being the most probable. 


PoST-SCHieT. 

. • 

In the preceding Memoir I have t*omparetl the formation ol 
aether from a mixture of sulphuric acid and*alcohol, wiih tiu* tle- 
composiCion of jseveral inorganic salts by means of mw : 1 have 
endeavoured to show that it is the whaler which in thes«* cases acts 
the part of a base, and separates the «».vidc of a:thyi or the metallic 
oxide, the latter gRUierally as basic s.dt. • 
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The inorganic salts which 1 enumerated in this comparison a& 
examples, were those of the oxide of bismuth^ the oxide of mcr-. 

s^tid of antimony. These undergo the said decom position by 
water even at the common temperature ; juther, however, is first 
separated ♦rom a mixture of sulphuric acid and alcohol, or from 
sal)ihovinic acid, at a liigh temperature*. 

Tliere are, how(*ver, anurng the inorganic weak bases, a consi- 
derable numirer w'hich are eliminated by water, from their combi- 
nations w’ith acids only at a high teinpcratiirc ; anrl the d<*cornpo- 
sition of the salts of these bases, by means of water, is tlicrefore 
Still more fit to be compared to the ibrniation of :etlu*r. 

'fo tliesc bases belongs more cs])eci.illy the piToxidc of iron, 
w'hich is precipitated by water basic salt from solutions of 
most of its neutral salts at a high temperature. 'file weaker 
th<‘ solution of thci^salt ol‘ pc*roxi«l<‘ of ircin, the lo\vi*r is the t(.*m- 
perfMture w’hieh occasions ])rc‘eipitation, and tlic more cornpIt teK 
is the p(‘ro\ide of iron thrown <lo\vm so tliat with a certain dilution 
as M. Selu t‘rcr’has show ii^ scarcely a trace of tlie jk;r(»vidc of iron 
rf*mains in solution, hut tlu* entire t|Ufintity is separated a< hasit' 
salt. As stronger bases are not ]>recipitated by water on boiling, 
tliis property of the peroxide of i.nan lias bt'cn einployial to sepa- 
jate it from the oxides ol‘ eobait, nickel, and other metalsf. It 
)i!ay even })e separated, by lioiling solution, from alumina, 
xvlueli, although it has witli regard to its properties much similarity 
to the peroxide of ir<5n, is evidently a stiajngiH* bast? ; this si‘|)aratioii 
of alumina frou] the jx'roxide of iroTi by means <if \vat(*r at a higfi 
teiufjerature, is of seme inij)nrtance U> the arts, as in the f:ibricalir)n 
of {ilum the peroxide of iron c*<»ntained in the mother-li(|Uor is pre- 
cipitated \fy mere boiling, anti i » lluis more ea>y in separate from 
the alumina than tlu» protoxide* of iron, although the former, witli 
.sul]jhuric acid, anil an alkali, forms an ♦alum whieli has (juile an 
anulogou.s con)po>ilie'n with alumirna-alum ; and, fVom being 
inorphous with lliat alum, could cryst allize with it in all j)ro[)or(ion>. 

ISeveral other bases liavc the same yrofu rty as the pevoxidar of 
iron, which like it belong to t.he class of w^eaker !)as(‘s, afid aiso 
.several substances wliicli act as ba.scs to’vards stroftg acids, and 
also as acids towards slrtiiig b:ix^, ami which or» that account an* 
frequently (‘lassed anion^ the :i4|ils. Among t!c's(*are the oxiji^of 
zirconium, tliorina, the peroxide; of cerium, peroxide of tin, titanic 
acid, telluruus jicid, columbic acid ; also in certain respects molyb- 
die acid, tungstic acid, and variadic aci<l. Several eonibmations of 
these oxides with acids an; soluble iv the Told in water, and nvc 
precipitated from the solution, on boiling, as oxitles or basic salts. 

fe’everal of tin? oxides ^irecipitat?<l in tin’s manner posscs.s, after 
precipitation by boiling, ]>ropcrties which they do not evince befor<» 
their solution in acids And })recipitalion ; they are more indifferent 
than before, are partly of difficult solution in acids, partly iiisohi- 
file, and flo not combine after precipitation wdtJi tliem, (*ven when 
these are employed in a concentraU*d state. 'J'itanic acid, peroxidt* 
of tm, ;njd many others may be cla.ssed here. 'liliis peculiarity i;. 
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in H certain cl.c/i^ree analogous to that ol* ictlier, which, v.*luai it Jias 
been on(5e separated by boilin^j tVoni a inixtiire contamiiifr sulpho- 
vonix! acid, appears not to conibine directly with acids* 


LI . — On Gnlvanic rcsnlix^hi tellers addressed In Prof. S'dihnan, Octo- 
ber and Atniust 6, \^'>\)yj'runi the cieinitf/ of London ; by 

William Sti Lsq. 

» i:KMvaKS i:v rin: rorroiis. 

A very cconoinical and cllicieiir voltaic arranij^cMHcnt was 
adc)pted hy several rm inbers of the London Kleclriivil Society, and 
the re))ort ol’tla' constnicti<»n and ])evtbnnance the batteiy, in a 
seri(‘s ol‘ experiinents perroi iiied at C'lajiham (.'onnnon in the iiiitinnn 
ot‘ IMMS, is coiUained in tin- rt jiorl Mr. (‘jiarle>. W Walker, piil}- 
lislied in tli(‘ I rasi'^aetions of tiu* I.ondon Llectirical Society, in two 
])apers dated (V-tohea- and Wivca iiter (?, JS:;S. Ji» allusion to 
this battery, ^Ir, Slureeon o!)^^cr\e-:, in his letter, of Octolar j), 
IS38:-— ‘ ^ 

‘• A voltaic battery has l)e:‘n e:o; up (at the ( Xpense ol‘ two of oni’ 
livadin:;' .men, whoseMiaines i am Jiot at: lilxaty to nuanion,*’ tor the 
s<»le })iirpose*ot invo>ti<2ation. ^I’lie battery eoM>isti> ot one luirdred 
raid sixty* jioreelaiii pint jars, each eoTUainiiij^ a copper and zinc 
cylinder; tiu* latter belni; ered wir!) >tnnt brown papt r, :n- 
iroduet'd t<» t lie .iotet ior ot‘ th.e Cf|',per. J la exeitin^- fluids arc 
solutions <jt‘ sn!j>h i?<' of eo]>]H‘r and nuiriat(' ot‘ so<la ; the tbnner 
ap])liial to tin* eopjier eylindcrv, and t!u‘ litter to t!u* zinc ones. 
Wiicn the jars were in sta’ie-- the ll.iine \va^u])wards of an inch lonuf, 
iVoin a chareo.il point, rotated on tlie poles oi’ a magnet, aecordinii' 
to tile prineiph s of electro-ina^netisui. J )aw d jU clt d tTie (deetrical 
flame by inai»neti(’ infhieiu’c, but i am not aware that b(‘ rolafid'w." 

Sulpimret. of lead (<xTlena) w.-^s deeom]><wed, anti nu'tallie lead 
iibtained. Sulpimret «>l’ antimony was decomposetl, and tlic li- 
berated metal ki^pt in fusion i<*!- siweral minutes. The boiling- 
aiVbimny w’.is three Inehr^'^tim^: ami h.df an inch wide between the 
polar wires, ; 4 nd exhibited a luautiful speetfiele. in a ehannel o!‘ 
those dimensions wbieli tlu* aelion h.ad formed in the native sul- 
pl^iiret. WIua> the electric flainp wa>: directed througli the air 
bet^'cen stout co])pcr p<»lar win's, the posifive wire bixMipo n\] hot. 
l)nt the TU'gative wire eftUbl not be made red. 'bhi' w'ire.s were 
made to change poles, still the same tiling occurn'd : nay, even 
two indies of the po.iilivc' wiiax whii li was completely out of the 
circuit, was rendi'rcd but, but no redness appeared on the nega- 
tive wire. I low ext ceilin^ly em^ons and iylerestina* is this last re-iilt ' 
Wh(»n the w hole battery ^vas formed intoViidit a’n>ups of 
twenty jars each, and properly connected ^ith an elo tro-u iMim" 
oter, the mixed gases were liberated from w^ater at tlu' rate of one 
cubic inch per seven .soe<inds ; aiul this for many sueee*'<ivc minutes, 
although the battery had l>t'en in :u tion for seven prmious hours ^ 
without interriiptioii," ^ 



On (inlvanic licsuUs, 


3()fi 

111 Ills letter of August 6, 1830, Mr. Sturgeon proceeds to bb- 
sjerve, that a good description of tlu? ajiparatus and experiments 
will be. found in the memoir above named, .and of whicli lu? kindly 
transmitted a copy. But he remarks : there are some particulars 
connected ^ith the discovery of the (Ufference of tcmpcraiurcj pro- 
duced in tlie positive ai)d negative wires, which want a clearer de- 
scription than any given by Mr. W alker, or, perha]>s any which tliat 
gentleman bad then a means of giving ; and, as I find, from tin* 
defective information which has !)ccn given of this pailiiaijar dis- 
covery on the continent of Hurope, that M. l)e la Biv(‘ ;md others, 
have failed in reproducing the curious phenomenon, it is possible 
that the .American jihilosopliers may also fail from a like cause, 
wen* the jiarticulars of manipulation not made known to them. I 
will, therefore, for the information of all the readers of your excel- 
lent journal, give ajiricl' histmacal >ket(‘h of the w'liole business. ' 
i’he l)attevv con'^isted of a hinidr^'d and sixty ^>“hilc porcelain 
jai each of t lie ^aipacity o‘‘ about t\\ o thirds o!‘ a pint, and lurnished 
^vit!^ .1 hollow eylindi'r of* sheet ('oppiu', and an interior hollow cy- 
linder ol* siicet zinc, thi* l itter icnalgimated, ;md in metallic con- 
nexion with the cn];per of tlu* ]u*\l ])ot, ici*. '**he copper and zinc 
of eacli pot were separated from tacii otlicr by a. diaphragm of 
biwvn p:rjH*r, (a disc, on the centre of* whicli is placed the^centre of 
the ^lase of tlie /itic cylinder, and tlu* pefipiuTy brought U]) to tlie 
upper end ni' the latter so as to form :i bag round tl'u* zinc,) which 
si.‘par;ites the* -ohition ol -uliibale of* copper, whieli ’is placcil outside^ 
from tlie solution m*' connnon salt, wbicb is placcyl t/fsidr oi* it. 
Hence tlie coji])er is \vasli(*d v. ith i(s Milpiiate solution, and (he zinc 
with the muriate oi’soda N(»|ution. 

“One iunulrcd of* thej-e ii.etals and pots were furnislu'd by Mr. 
Oassiot, and the other sixty by Mr. Mason. i'hc preparation of a 
battery of this kind aiul extent, is a gre.is, labour, ;is you will u‘»- 
ilerstiiiid from tiie following pitrtieul;u*s. Mr. Walker connneueed 
wuH'king at it between eight and *pne in tlu* nu>rning ; Mr. Mason 
arrived about eleven in the forenoon, ami imnualialely set U> work 
at it; Mr. Gassiot cotnmemvd shortly afterwards, and it was not 
ready for experiment till three in the afienujon, about an hour and 
a half alter I arrived at Mr. (iassiol’s house. 'I he plan of dividing 
the battery into groups ft>r the experiments on dct'oin posit ions 
formed by Mr. Mason, who is a very skilfyi and neat (*xpc*rimeiiter. 

“ .At a provious m^'ctinR J wns mjucstcd to provide a rutiiio^iio ofoxponmuutr-, 
which I did; but in ro)isct|Uciirc of the gmit <'1* liim; orciipiiMl in lln* rx- 

periiiwait.H on the drrouip'‘*'Uioii t»f wati*r ]>y tla‘ v^ufous «>i’ llu» baltory, 

only \i <>*’ tbcin \\cr«.- ;iUrii)}a«'a. .\^ (h<* iUToni]K*siii.»]o. ao* vrrv vvol] dcs 
rrib<^d by Mr- VValk«!r, it would nnin‘r<'s'=^iy tosny ioiytlnn" inoroftlumt tluaii 
ill Ibis plsico. 'I'b.-y won' oio riod on with «'.xaotness in the rolIowiTii; man 

ner. 'i’hc ^raduaUd ah>ss tiibn <»f the <doofro-p;{i.'.omeUM- boiiiK hUed witb mddn 
laU'd water and iiiiortod ov#r tlie platinum tenuiinils of the instrument, out*, of 
t.hei>olaJ‘ wires of the battery was connorted with it, and fno other kept in iho 
hand of the experimenter ready to plunge into the other njf'reuriiil cup of the 
instrumenr the moment thewa.rd *‘ time*’ was given, and takt’ii out again when a 

* cubic im b of the gases ^vas c«dlorted. . , • , 

“With regard to ihc experiment in wlncli I (h\s<r)vc(;itxl the greal 
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(liiFenMire procluoetl i\\ the twojiohiv wivc.^, it \V:is mui,ertaken (Voiu 
.iJie views whidi I had lon^ entertained ciineerninir the non-identity 
nl’tlu? clerfric and cahrific matter, as yon will rjee f have hinted at, 
at the close of section 1, of vny first memoir to the I.ondon Elec- 
trical Society. It was late in tin? evening before I had mny o[)por> 
tunity of making the experiment. The rest of the }iarty were* en- 
gaged in sometiiing else at tln^ time, «ind the battery was in scries 
of one hundred aiul sixty pairs. I brought the tiji ciuU ot* the polar 
wires (e(»pper wire one tenth of an inch diameter) into eontact, 
end to*end, then withdrew tliem gently and very gradually IVom 
each other, keeping the flame in lull play betwee^n them till they 
were separated about one;~ronrth ol* .in iju:h. In a few' ininutes the 
positive w'ire got red hf)t for half an inci), but the negative 
wire never heeame ri'd, 1 repeated thi.'» several times, in order ti) 
be convineed of the fact. 1 next laitl the wires across one another, 
and brought them into eont.iet .ilxait an ijieh from the extremities, 
and separated them as before. In a short time the wlmle of 
that part of tin' positive wire froin the point oferosMiig to the extre- 
inity, bi'e.nne vi'ry nal hot, but the Jiegativt taid never got i ven to*:i 
dull redness. It was (;eilaiM]y very liot, but never higher than a black 
heat. !• nex4 increasctl Uu* lengdli of the ends of the wires exterior to 
the circuit ; and eventually heateil two inches of the positive wire 
to bright redness ; but mrsi^^ch heat took place on the other 
Thus satislying myself that I was nt>t mistaken, I called Mr. 
Mason to come .inj look at it : and at'tcr satisfying that gentle- 
man by an experiment or two, we called Mr. tbiNsiot and Mr. 
Walker to come and witiu'ss tln^ no\eI phe?U)nu‘noi). \\'o now 
changed the (tlacos of the polar wires, making* that positive which 
before bad been m*gativc, ^c. Still tiu* positive w K-e showed 
the s;ime tact. You w ill easily understand tliat I experienced a 
great degree of pleasure sat the appearance of this beautiful fact, 
W?fich si'cmed to demon^traU* the justness i>f the hypothesis I had 
.so Imig fornuxl- AV^ iiut hotlirs emt hr /a fhr stnffr plitcr ai iltr 
sawr iimCj i.s an old axioi\^ in philosophy. I lence the blacksmith 
is\nalTied to lieat his iron rod or iiaiK by compressing the calorilic 
malt(*r; tin? Rlows of his hammer foreing it from the cuvitir^. into 
the parficli's of tin* metal. finis, also, the eleetrie fluid forces tin* 
caioj^dic matter from its natural loilgingT^ in the conductor, niifl 
drives it on even to beyond the electrical stream, to take refuge, in 
a compressed form, in the extremity of the ])o.^itive wire. Nothing 
can be more simple to explain; nor do I know of an experiment 
that tends more to sujfport t^ie doetrine of our spreits of ejet'trie 
matter only ; and that it runs through tlie voltaic coudueting w ires. 
, from the im.sitive to the uegafive pole. * • 

'fo proihice the ])henomenon 1 have been deseribing. requires 
an extensive series of pair.s ; certainly not Toss than one Jumdred 
and twenty, but two iuindnal wouUl answer much belter, as much 
clepends upon the play of the Huid between the wares ; .and I think 
that the battery is quite as well when not liighly e/iargetl. I have 
mentioned one hundred and twenty as the shortest to insuix^suceess. 
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although it ife possible that one Imiidrcfl migJit sliow the fact/* 

The following rcnuirks, in answer to iiKpiiries made of Mr. Stnr-' 
geon as to his vienvs regarding tlie best forms of galvanic batteries, 
are worth preserving, as the conclusions of so exj)erienced an expe- 
rinu?nter, And the more so as they coincide generally with the views 
of Dr. Mare, and of other distinguishicd men in this country. — K(ts> 
Form and size of Galramc lUitlcrirs. 

^‘With respect to galvanic batteries, we can never expect to find 
one which w ill exhibit every class of phenomena to tiu* ])est,. advan- 
tage. I'he j)ile, wntli moistened card board in pure water, or a well 
constructed Criiiksliank, crhargeil with water, answers best for 
charging Leyden jars, deficetitms of pith balls, ^ve. And tlu‘ more 
extensive the series the I letter. 3'lie si/.e of the pl.des l»as also 
much to do in this l)uslnes.». A single pair «)f ])lates, charged 
w ith dilute nitrou^i* acid, answers best Ibr most electro-magnetic 
experiments. For a display of liriUhnil (‘alorifie pfienoinena, the 
!)urning of ch/ireoal, deflagration of laminated metals, ^e , a 
scries of not less than a hundred '])airs answers better tban any 
smaller series. Here again, the size of the plati's should never be less 
tban four iiu‘hc?.s scpiare. iSix inch ])lale.s answer :mielj better, and two 
hundred belter than one himdred, i*cc. And tliesi* may be eitlu?r of 
the Criiikshank form, or of any other, observing that the action with 
thedbrmer is of nmch shorter dnratioii than witli the Wollaston 
lonii, an<l shorter with the W ollaston tJian with tlu’ battery brtbre 
described. 

'fben again, ibr healing of thick v-ir(»f>, a scries of ten or less, 
of /r//gc j)l(ilcs, are better tiam rnoj'e cxtcaisive scries. 

Iwir eheiuieal ileeoinpo.'^itions, tluM'c is, perhaps, no l>attery 
known soSvcll adapted for lliein as tin- jars whieh I have de- 
scribed, 'I'lieir sustaining power is a gn at recommendation. The 
extent of scries will n(*ee.- .warily v.uy with the n.itiue oi* the comi- 
pound operated on. Wc! iia\a* fmuul that a series oi‘ twelve jars 
gives a sufficient intensity for jhe diicomposllion of aeidulated 
water, (water '10, sulphuric acid J, or m-en nmcii li'ss.) 'I’wcnjfy- 
four jarsina double •scne.-» of twelve, givi* about twice as nnicli 
gas as a single series of twi‘lve. ilut twenty-four jars in a single* 
series do not give so niueh gas as w'h(‘n they form a double se- 
ries of twelve. Againp thirty-six jars in one scries, do nol«5[j;W(‘ 
.so much gas as when they are fbnmvi into a treble* series of 
tw^(»lve. I fence a series of tw<,*lve of t/frxr jars seems to bi^ about 
the befct of iniensifi/ for acidulated waV;r. Other connioimds 
will re(|uire other nnils of inivn,siiif th ju'oduee maximum elfeets 
and other batteries will rcc]nire difierent ext(*nt of series to pro 
(luce the same hull of intensihf as tliat j)roduced by the jars/’--- 
Lciler to Prof SiUinmm — ( From Sillintfuts Journal.) 
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BRITISH ASSOCIATION FROCEEpiNGS 

AT GLASGOW, iy 40 . 

GENERAL MEETING. — Thursday, September 

In consequence ot* the absence of the Rev. Vernon Har court, the 
S^resident of the past year, the Marquis of Northampton took the 
chair. He lamorited the unavoidable absence of Mr. Harcourt, who 
!ia(l tiiken so active a isluirc iu the formation oftlie SoClCty, aild had 
been one of it.s most zealous supporters. He congratulated the 
Association on assembling in a city e<|ually rey[iarkable for its ex- 
tensive commence and great manufacturing industry, and the seat 
of an ancient university- which had rendered eminent service to the 
unilcd caiiso of lileraiuve, scieifcc, aiul«luim.Tnity. Glasgow, the 
jiative town oj' Watt, liad taken the leacl in the piactical application 
of steam as a moving power, and the animating display of steamers 
on the Clyde united the triumplts of art to the most romantic scenery 
of nature. He felt great pleasure in introducing their new Presi- 
dent, the Martpiis of Rre^idalbane : and, after a brief reference to 
the services wliich the Ass6ciation had rcauleretl to science, he re- 
.sigiied the chair, * • 

The Marqui.'iof Breadrdhane, on taking the chair, slated his sense 
of the honour conferred on him, and observed, that it was unthought 
of, and unlooktRl R>r o?i his part ; and he was afraid he had no claim 
to it, Siivc thAt of one w ho had a firm conviction of the fast import- 
ance and value of science, and an earnest wisli to support its best 
inl^Tcsts by every incaiui^ in his power It was unnecessary, he 
observed, in such a meeting, composed as it was of some of the 
greatest ornaments of our own cquiilry, and many of the highest 
cimracter in science in fori^gii countries, to dilate on that bond of 
unnni Vhich it jirc^sented fi»r promoting the -great object — the in- 
vestigation ot*truth. The Brilisl) Association had conferred great 
and valuable l>etu*fil.^ upon the nation, and even the world at large; 
Hi , adverted to the prtipriety of Mich a meriting being held in Glas- 
gow, a city combining in jtself more perhaps than any other in the 
empire, tJie elements of national wealth — commevee and manufac- 
tures. He then called^ou Mr. Murchison to read — 

The Address of ike Gcue.ral ISccreiaricx. 

^ • • • 

In entering upon the duty a-ssigned to us, we heartily congratu- 
late our asscKiates on this our second assembly in Scotland. As on 
our first visit, >v*e were sustained by the intellectual force ot the 
metropolis of this kingilom, so iimv, by visiting the cJiiel mart of 
Scottish commerce, and an ancient scat of* leaniingi wc hope to 
double the numbers of our northeu n ausdiaries. 

• ? \ 
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Supported . by a fresh accession of the property atiil intelligeiute 
of this land^ we are now led on by a noble Marquis, wlio, disdain- • 
in^ not the fields we try to win, may be cited as tlie first Highland 
chicilain who, proclaiming that knowledge is power, is proud to 
})lace himseif at the head of the clans of science. 

If such be our chief, wliat is our chosen ground ? Raised through 
the industry and genius of her sons, to a pinnacle of commcitrial 
grandeur, well can this city estimate her obligations to acicnec ! 
Happily as she is placed, and surrounded as she is by earth's fairest 
gifts, site iecls how inudi her j)rogrcss depenils ii{»on an ac(]uaint- 
ance with the true structure of* the rich deposits which form her 
subsoil ; and, great as they are, she clearly sees that her manufac- 
tures may at a moment take a new flight by new mechanical 
iliscoveries. For she it is, you all know, w ho nurtured the man 
wliose genius has cltaiiged the tide of human int(;rests, by calling 
into active energy a power which (as wiidded by hiiiv), in abridging 
time and spaee, has doubletl the value of* hiiuian life, and has estab- 
lished for his memory a lasting <‘laim on the gratitude of the civilized 
world. The names of Watt and (ilasgow are united in imperisl)ahlc 
recon Is ! , 

In such a city then, surrounded b^ such recollections, encouraged 
by an ullustrious and time-honoured University, and fostered by 
the ,ancieiit leaders of the people, nie.y we not augur that this 
meeting of the llritish Association shall rival the most useful ol*oiir 
previous assemblies, and exliibit undoubted proofs of the increasing- 
prosperity of the Rritish Association ? 

Not attempting an analysis of 'J^hc general advance of science in 
the year that has passed since our meeting at Rirmingliam, we shall 
restrict ourselves, on the present occasion, to a brief re ^new of what 
the British Association has directly cfiecled in that interval of time, 
as recorded in tlie last puldished volume of our 'lV;insactio;js. 
From this straiglit path of our <hity we shall otdy deviate ni 
offering a few general remarks qn subjects intiinatelv coimettcd 
with the well being and dignity of our Institution. ^ 

One of the most important — perhaps the most imj)orltiiit serv'tc<.* 
to science — w^hich it is the peculiar duty of tlie Association to 
confer, is that which arises from its relation to the/rovernmeiit — 
the right which it claimr to make known the *vants of science*, %al'id 
to demand for them that aid which it is beyond the power of any 
scientific body to bestow. In the fulfilment of tliis important and 
res{>onsib)e duty, the Association has continued to act upon tin* 
principle already laid down in the Address of tlie General Secre- 
taries at the Meeting at Newcastle in 1838, namely, to seek the aid 
of Government no case of doubtVul or minor importance ; and 
to seek it only when the resources of indiviilttals, or of individual 
bodies, shall have proved unequal to the clernand. The caution 
which it has observed in this respect has been eminently displayed 
in the part ivhich it has taken with reference to the Antarctic ex- 
' peditioii, and to the fixed Magnetical Observatories. It abstained 
from re(?ommcnding tlie former to the Ciovernment until it had 
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called tbv aiid obtained ironi Major Sabine, by whom the imp'o t- 
•ance of such an expedition was first ur^ed, a report in which that 
importance was placed beyond all doubt ; and it withheld from 
urging the latter, althougli its necessity was fully felt by some of 
its own members, until the letter of Baron Humboldt t8 the Duke 
of Sussex gave authority and force to its recommendation. 

I’he delay which has in conse(|iience occurred, has beem pro- 
ductive of signal benefit to each branch of this great t\vofold 
underlgking. Since the time alluded to, our view of the objects of 
investigation in terrestrial magnetisui have l)cen greatly enlarged, 
at the same time that they have become more distinct. Major 
Sabine's memoir on the Intensity of Terrestrial Magnetism, has 
served to jioint out the most inlcrc'sting portion ol’ the surface of 
the globe as respects the distribution of the magnetic force, and 
has indicated, in the clcjirest maimer, \vha4 »till ronained lur 
obs('rvation to poribrrn : and the beautiful theory of M. Gauss, 
which has bc<*n partly built upon the data aflbrded by the same 
memoir, wliile it has assigned *1110 most probable configuration oi' 
the magnetic lines of declination, inclination, and intensity, has 
done the same service witli respect to all the three elements. 

In aiiotlu*!* point of view', affeo, delay has proved of great value 
to both lyanchos of tlic undertaking, bvit more especially to the 
fixed observatories. Our •means of instrumental research Ijave, 
siiU!C the time of their first*p*’*\]^'t’^hin, rceeivLMl great improvements, 
as well in their a*dtxjuacy to the objectN ot in(|iiirv, as in their pre- 
cision : and fiivilly, the two great liiit^s of impiiry — llic research of 
the distribution of terrestrial magnetism on the earth's surface, and 
the investigation Al'ils variations, secular, periodic, and irregular, — 
have been p^^rniitled to proct'cd jjari passn. * 

Last of all, the prudent caution, :nul vigilant care, which the 
t\^) great scientific bodiet have exhiblkMl, both in the origin and 
progrcs.s of the umlertaking, have naturally ins])ire(l the govern- 
ment wnth confidence ; aiul whiU^ on the cuu* hand science has not 
hesitated to demaiul of tkc country all tint was rc(piisitc to give 
ctmipleteiicss^lo a gri’at design, so on the ollft r, the government oi' 
the country has not he.sitated to yield, with a liberal and un- 
sparing hand, f;very retpicst the importance of which was so w’cll 
gijtatantoed. • 

But while we thus i nwmerate the benefits which have resulted 
to magnetical science from the delay, it must bo also acknowledged 
that something has begn lost also, not to science, but to British 
glory. Although terrestrial ^iiagnetism stood forward as the pro- 
minent object of the Antarctic expedition, yet it was also destined 
t^o advance our knowledge of the pfn/sique dn^nlohc.** in all ii> 
branches, and especially in that of geograyhy. Had tlu* luojei t 
of an Antarctic, (expedition been accod(?d to wdicn it w.js last pro- 
posed, viii,, at tlu' meeting of the British Associatitm in Dublin, in 
18.S5, there can be no reasonable doubt, that a disci>vorY, which, ^ 
by its extent, may almost be designaltnl a Southern (\)ntineiit, 
situatcil in the region to which its cfioit" wore to lf!avo been 
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IKit to proceed with our usei'iii efforts. One of tlie principal 
objects of our annual voloines is the publication in the niost au- 
thentic, form of the results of special researches, undertaken by* the 
request^ and prosecuted in many instances at the cost, of the Asso- 
ciation. It*is a trite remark, that if a man of talent lias but fair 
play, he will soon secure to himself his due place in public estima- 
tion. VVe fully admit the truth of this in many instances, and 
above all wlierc the points of research are connected with commerce 
and the useful arts ; but many also are the subtile threads of kno^\ - 
ledge, which, destined at some future day to be woven ifito the 
great Veb in which all the sciences are knit together, are yet not 
apjneciablc to the vulgar eye, and, if simply submitted to public 
judgment, would too often meet with silent neglect. Numbi?r- 
iess, we say, arc the suhj(*cts (and if your Association exceeds 
.1 centenary, still mpre numerous will they he) with which the 
retired and skilful man may w'ish to grapj)le, and still l)e de- 
terred by his want of opportunity or of means. Then is it that, 
adoptii»g the well-l)alanccd,reeoiumrndalions of the inen in whose 
capacity and rectitiulc you confide, you ste}> forward with your aid, 
and bring about these recondite rescrirches, the. result of whicli in 
the volume under our notice wc now proceed to eonsid^T. 

The first oftlicsc inquirie.s to wdiich we advert, you Ciilled for at 
the Ijands of I’rof. Owen, upon Hri^sh Fossil Reptiles," one of' 
the branches of Natural flistory, on a cAiTect knowledge of which 
tfu‘ devclopemcut of Ocology is intimately dependent. 

’I'he merits of tite author s(‘lected for this inquiry are now 
widely recognized, Jind ite lias, with justice, been aj)prove(l as. the 
worthy successor of John Hunter, lliiit illustriouir IScotchmau who 
laiil tlie foundation of comparative ;inatoniy in the ilritish isles. 
'I’hat this science is m»w taking a fresh spring, would, wo are ])er- 
suaded. be the opinion aV Cuvier himseU>conl(l that eminent irmn 
view the progress which our \ouiig countryman is making towams 
the completion of tlic temple of ^whicli the French naturalist wa.s 
tlje great architect. Jt is ihei efbro a plopsing reflection, that when 
wc solicited Prof e.ssor«^)wen to work out thi.s subject, we dul*m)l 
follow in the wake of EurojK*'s praise, but led the way (as l])is 
Association ought always to do), in drawing forth thf man of genius 
and of worth ; and the wilue of our clioice l)as been since st;mi|}fd 
by theap})roval of the French Institute. ^ 

If Englishmen^'^ first perceived .something of the natural aflinitit*s 
of Paheosaurians, it was reserved for Cuvieir to complete all such 
preliminary labour. The publication •of Ins splendul chapters on 
the Osteology of tlie crocodile and other reptiles, drew new atten- 
tion and more ilStelligent scrutiny t5 these remains ; and it oughf^ 
to be a subject of lionest pride to us to reflect that the most interest- 
ing fruits of the researches of that great anatomist were early 
gathered by the English pala-ontologists, Clift and Home. One of 
our leailers, whose report on Geology ornaments the volumes of this 

• 
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As*soci;ilio!i, foniied the genius Plesiosaur us^ on an wiiarged ^iew 
of the relation subsisting between the ancient and modern forms oi' 
reptile life ; while? shortly after Buckland estublishetl the geiius 
M cgnlosaurtis, anti Mantell, Iguatwdon and 1 iylavsaHriis, wortliy 
rivals of the Geo Sanri and Moso Sauri of Cuvier- The other 
Englishmen wlio liave best toiled in the field, are I)e la Beche, 
Hawkins, and iiir Bliilip Fgerton. 

Yet although this report is on British reptiles, we are fully alive 
to th(? ^great progress wliich this department has made, and is 
making, on tlie Continent, through the labours of Count M Unstto*. 
Jiiger, and Hermann Von Mr3^er. The last-mentioned naturalist 
lias been for some time preparing a series of ex(piisit(‘ drawings of 
very many forms unknown to us in England, most of which havi' 
been detected in the Muschelkalk, a formation not liitherto ilis- 
eovered in the British isles. Vet despite o<‘ .‘ll tliat iiad been ;ie- 
fomplished in'our own (‘ountry or clsesvliere, Professor Owen has 
thrown) a new light of el assili cation on tliis subject, foundtal on 
many newly-discovered pcaniliftrities of. osseous structure, and has 
vastly augmented our ac<\uaintance with new forms, by describing 
sixteen s])ifcies of Ftesiosauri, tlirec of wdiich only had been recog- 
nizably destft’i bed by other wriiV?rs ; and tc*u species of Ichtkf/osauri. 
five of w'hich arc new to science- Such results were not to l)t‘ 
obtained wnthout mueh laKoiir ; and previous to drawing un his 
report, Professor Owen Jiad visited the princij)al flcposit/irics of 
Eaatiosauri descfiwd by foreign wTiters, as wndl as most of the 
public and prwate collections of Britain. 'Hiis, tJie first part of 
Mr- -Owen’s report, concludes with a general review of tlie geolo- 
gical relations and extent of the strata through which ho has traced 
the remains Vf British Knaliosauri. The materials w^hich he has 
collected for the second and concluding portion of his report, on 
tilt? terrestrial and crocodHean saiiria, tlie Cholonia, Ophiilian, and 
Beitrachian reptiles, arc cVpialU^ numerous, and the results of these 
researches will be laid before the. Association at our next meeting. 
Oeeplv impressed as we a- e with the value of this report, w e can- 
no'e coucliule a notice of it without again allading to its origin, in 
the words of Professor Ow^en himself: “ I could not/’ says he, 
^‘have ventured to have proposetl to myself the British Fossil 
lU^jf^ilia as a subject of continuous ami sj\s*Knnatic research, without 
the aid and encoiiragement which the British Association has liber- 
ally granted to me iem that purpose/’ 

*Mr. Fkhvard Forbes, whose labours in detecting the ditlerence of 
species and varieties among* the existing marine testacea of mir 
sliores have been most praisew'ortby, has on this occasion given us 
report On the Pulmonifcrous Mollusca of tllb British Isles.” 
The variations in the distribution of the .^lecies in this class of 
a?iimals^ are shown by him t«) tlepeml bt>th upon climate and upon 
soil, the structure of the country (or geological conditions) having 
quite as much share in such varied distributitai ;is the greatest ^ 
diversity of temperature. The Association has tti thank the author * 
for valuable tables, which show both the th'stribution of th& pulmo- 
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aiferous inolusca in our islamls^ and tlieir relations to those ot‘ 
Europe generally. 

From zoological researdies let iis now turn to physical geology. 
One of the most interesting fruits of modern experimental research, 
is the knowledge of the fact, tliat electrical currents are in continual 
circulation below the surface of the earth. Wliether these currents, 
so powerful in developing rnagnetical and chemical jjhenoinena, are 
confined to mineral veins and particular arrangements of metal and 
rock, or generally capablt! of detection by refined a}>paratus well 
applicil, appeared a cjuestion of sufficient importance to deserve at 
least a trial on the pai't of the Association. Our present volume 
recorcls the result of sucli ii trial OH the Alicie»it and very regularly 
stratified rocks of Cumberland, consisting ot limestone, sandstone, 
shale, and coal, so superimpose<l in many repetitions as to resemble 
not a little the conmjon arrangement of a voltaic pile. Varied ex- 
periments, with a galvanometer of considerable delicacy, failed to 
fletect, in these seemingly favourable circumstances, any electrical 
current. 

^The extensive and rapidly increasing applications of iron to public 
and private structures of all kinds in which dunihility of material is 
a first retjuisite, have made it highly desirable to ])Osst^ss accurate 
information respecting the nature of the chemical forces which eflect 
the cjestriiction of this liar<l and appareittly intractable metal. The 
preservation of iron from oxidation and corrosion, is indeed an ob- 
ject of paramount importance in civil engineering. * The Association 
was therefore anxious to direct inquiry to this subjei^t, and gladly 
availed itself of the assistance of Mr. Mallet, a gentleman peculiarly 
(fualified for such investigations, both from hisr knowledge as a 
chemist, and from his opportuities of observation as a^>ractical en- 
gineer. An extensive series of experiments has accordingly been 
instituted by him, with the support of Uu^^Association, on the action 
of sea and river w^ater, in difFereiit eirciun stances as to purity and 
temperature, upon a large number of spet inicns of both cast arul 
wrought iron of tlifierent kind.s. These cwtperiments are still iji piy- 
gress, and the effects are observed from time to time. They wll 
afford valuable data for the engineer, and form the principal object 
of the enquiry, but a pcjriod of a few years w ill be required for its 
completion. In the mc»itime, Mr. Mallet has furnished a repoA #11 
the present state of our knowledge of the subject, drawn from vari- 
ous published sources, and from his own OKtensive observations. 
In this report ho examines very fully the gc^ieral conditions of the 
oxidation of iron, and how this operation is greatly promoted, al- 
though modified in its results, by sea-water ; also in what manner 
the tendency to ^orrosioTi is affected f>y the composition, the grain?^ 
porosity, and other mechanical properties of tlie different commer- 
cial varieties of iron. The influence of minute quantities of otjier 
metals, in imparting durability to iron, is also considered. Mr. 
Mallet devotes much' attention to the consequences of tlic galvanic 
"association of different metals with iron, a subject of recent interest 
from the*applications of zinc and other metals to prt>tect iron, which 
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nre at present agitated. lie concUuJes this, his first feport, l)y re- 
•I'omineiiding a .series of enquiries, ten in number, whieli will .supjtly 
the tlesiderata innucdiately required by the engineer and by the 
chemist. ^ 

We li.ivo next to notice a report by Ih-ofessor rowcll, On the 
pre‘^ont stite of our knowledge of Refractive Indices f4)r the standard 
rays oi'tije solar spectnnj) in different media.*’ Tin* diirieulty which 
the tact of the di^UH'ision «'f light has offered to the universal ap- 
plication of the. inululatory theoiy, has hoeii in a givat measure 
ronidved by t!ie analysis of Cauchy an<l others, who h.ave C'-n -icl.'vcd 
the distances of the uralulntory particle's as quantities comparable 
1o tiic' lengilt 4)i‘ a wave. \ cioeiti<‘s of propngalion of tiic (iLtfcrt-nt 
ravs of the spcctniin, are marie to depend upon the lengtli of uave 
which con.'^tiintes a r.f v ol’a giv(‘n colour, othI upon ccrl iin eoii'.tants 
proper to tl\f medium. 'l'hes<* coiistants I). ing^ol^taiiic d from ob- 
s(‘rvation.s on rclT;u‘tiv'c iiuliccs {‘or c( rtain ({elinite rays (or thirk lines) 
of the jjeeti’nnu tlic refrangilclity of ;my oth.cr deiitute ray (who^^c 
wa\e-lcHgt!^ lias I’.een .;-.‘ci*taiiu*(l I)y t'^amining an interferenetj^' 
spectrum). l><H o\nes k'lown, and may In coaip ared w'itli observation 
.'»s a l(^'^t of theory ; such cxpiM-iinents have been made by rraiicn- 
J)«)fer, ivudlx^’g, and Ih ofes^or kowv. 11, who has given a tabular view 
ofji.]\c various rc.sults, without, iiowevt r, instituting the conipcirsion 
bePI^('en lln-ory an<l ob.sc*rv;^t?on, which it would bt' desirable 
tc\id {'m tJu'r th.isi lias yet been (U ne. It would be imj^ortiint also 
to elucidate tluMl.stfirhin.g (‘ifect of tcn>pcrature. wliich prevents 
even c.xisting id«:scr vat ions from bi»ing rigorous! v ('t)mpaiMble. 

'1 be ealculations respei tiug l!>e titles, whicii been prosc- 

i'uted by tlu* aid ol* the Assoi.iation t*v< r cirice its institiiyu]!, have 
!)een contimicTl this year by Mr. Ihint, under the direction of ]Mr. 
Whcwell. I lu'se c.alcidations he.ve now reached such a pouit, that 
the i^iathematician, instead^ of being, as .at th.e !H?ginning of this 
period, content with tlic first rude approximaiioTU', is no-vv strug- 
jjling to obtJiin the last degree of a*‘curaey. 

’Hie country in wliich \te arc now assianhled has alway.* been 
• con^>icuoii.s for attention to meteorology, a *bram‘h of physical 
scitaue in which the British .Association, with its power of com- 
bining the eftbrtsof many observers in distant quarter.s of the globe, 
ma\* Ifojx? to be cs ecia ly useful. • 

In Scotland, l..esiie opewd a new liain of iiuptiry, by exariiining 
the txn-llfs temperature at difftTcnt ilepths ; and his successor in the 
Ibiiversity of Kdinburijii noiv diri‘Ct«ng, at the ivijuest of the 
Association, a large and com|>lete course of experiments on that 
intere^^tiug subjeet. brained in^xmlbrniity with the plan.s adopted 
similar objects by Arago and <inetc!ct, thc'se rescarcht's of 
Brofessor Forbes contain .also the moans of ilgteriuining the power 
of conducting heat, which different sorts t>f rock posses- : anti may 
thus throw light on some of those peculiarities in tlie drsti ihution of 
temperature lit greater depths below the surface, w hich liave be- 
come known by experience, but are not cxplaintHl by theoiw. 

In ScotUnd/Sir Vavid Brewster w.as the tirst to obtain an hourly 
• o / 
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nieteorologicAl journartbr a series of years, and to draw from that 
fertile source and important detluctions, which have had a 
powerful influence on the progress of scientific meteorology. How 
gratifying Jo receive, tlirough the same liands, after a lapse of nearly 
fifteen years, an additional contribution of the same kind, and from 
the same country ; but embracing new conditiems, on a n<!W line ol‘ 
operations, in order to obtain new results. Ily the observations 
now in progress at Inverness, and at Kingussie, tlu* influenee of 
elevation in modifying I he laws whicdi have been found to ^govern 
the hourly distribution of heatr near tlie level of the sea, may be 
discovered, .and thus a great addition be rn.Mfle to the experimental 
results, for wdiieh seienee has long been grateful to the distin- 
guished pliilosoplu'r we ha\»e natned, and whieii have been de- 
scribed as ^^of the highest value to meteorology, and as the only 
ehamiel through which any speeifie practical information can he 
obtained in this most interesting department of jthysies.” 

I'his is no ordinary jrraise. ft is the just tribute of one* who is 
\tiorthy to offer it : one, w^io at the call of the llrilish Association, 
has conducted .at l^ymoiith a still more extensive series of similar 
observations, and has added to them hourly eomparison.s of the 
temperature and moisture of the air, and an hourly record of baro- 
metric o.scillati()ns. Mr, Snow Harris lujs juTsented in a few' pages 
of «c)ur last n.'port the j>rc*eif)us resifijs of 70 , 0 ()<.> observations, 
and thus rendered them immediately available in the foundations 
of accunite meteorology. Idle documents tJuis patiently collected 
are, however, not yet exh.iusted in v.alue ; they may be .again and 
again called into the court of science, and in.ade to yiedd testimony 
to other, .and as yet, unsusjiectod truths, d'liey must not be lost. 
Shall Ave lay them by in manuscript among other iniconsultcd 
records of the past labours of men, or by undertaking their publi- 
cation, do justice to our Avorkmen, and < stablish a new claim or the 
imitation of the jiresent, and the gr.ititude of future <Iays ? This 
question is of serious import. cAlready, stimulated by success i\\ 
thermometric registration, avo have set S,o work on a more perplex- 
ing problem ; we haVe resolved to !)ind even the AAa^idcring Avmds ^ 
in the magic of minibers. While w^e speak, the beautiful engines 
of our Whewells and Osiers are tracing at ovary instant oi‘ time the 
displacements of tlie iftmosphere at Cambridge, at Plynioufli? at 
Birmingham, in Edinburgh, in Canada, St. Helena, and at the 
Cape of Good Hope; and, erelong, we may hope to view, asso- 
ciated in one diagram, the simultaneou.s movements of the air over 
Europe, America, Afric.a, India, aiuf Australia, recorded with in- 
struments which we ha\e chosen^ by men whom we have set to 
work. , 

Amongst the causey which tend to retard the j)rogrcs8 of science, 
few, perhaps, operate mure widely than the impciliment to a IVch? 
and rapid communication of thought and of experiments, occasioned 
by difference of language. It appeared to the British Association 
that tins impediment might, in some ch'gree, be removed, as far as 
regards our own country, by procuring, and cAi&ing to be pub- 
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Hshed, translations ol* tbreign scientilic memoirs judiciously si'ice1:e(l. 
•Accordingly, at each of the meetings at Newcastle and Rinning- 
hain* a grant of lOOif. was placed at the' disposal of a cormiiiuce 
appointed to carry this purpose intfj effect. Aided hy the conti ‘n 
hutions of several translations which have been gratuitously j)rc- 
sented to them, the committee liavc been enabled, in the two la^^t 
years, to ]»ul)lish fuurletm memoir.-^ on su!)jiCts of prominent inte- 
rest and iinportiince in the mathematical and physical seience.s, 
bcaring^tlui names of sonui of the most eminent of the continental 
philosophers. 

Such, gentlemen, is an imperfect review id* our recent proceed- 
ings. ill two essimtial resptMls the Rritish AssoiMatioii diti’ers from 
ail the annual seientific meetings of the (.ontnuent, no one? of uhiefi 
lias printed Transactions or employed money in aiding sjiecia! 
researches. We also diilt:rfvom them in the coavminieation-^ which, 
in the name (tf the rcpresentati\es of .vcicnct;. assembled from all 
p:irts of the United Kingdom, wc fe(‘l ourselves aiitborized to make 
iVom time to time to the (lovei^nme'al mi subjects connei w’ith 
the seientific character of the icition. On oar fir^t visit to Scotland, 
lor example, we lelt it to be an op)vr(»brium that this enlightened 
kingdonl sliftuld, in one csseufial feature of civilization, be still 
behind im^yiy oi‘ the continental states, and wo prepared an address 
to his late Majesty’s (ioveryment, urging strongly the neees>i^j* oi‘ 
tile construction, without delay, of a map of Scotland, founded on 
the trigonometrical* survey. Representations to the same effect 
have since beerf made by the Koynl Society of Edinburgh, and by 
the hlighland Society, and the subject lias now engaged that atten- 
tion wiiich will, trust, soon pro( lire tor tins country the tirst 
sheets of a lai’gc and complete map. * 

If, then, it be asked why are tiu* men of highest station happy 
to associate and mingle with us in (*tlici;d duties Why have the 
beads of the noble houses of Fit /.william, LaU'idowne/ Norihamp- 
ton, Burlington, Northumberland* .-md lb*ead;dbane. alternated in 
presiding over us, with ouf Ibick lands, our Sedg wicks, our Bri."- 
• bail's, our Llyyds, and our Harcourts V\'hy, indeed, on this very 
occasion has Argyll him'self, overlooking the claims due to his high 
position, and his ancient lineage, come forwartl to act with us, and 
cvlSi^o serve in a subonlinatc odice ’ Al:ijy' we not reply, that it 
is, wc believe, a coiiscqiirncc of tlie just appreciation on the p.Tt 
of these patriotic and enlightened noblemen, of the beneficial iuiixi- 
ences which this Assoj^ialion exercisoN in so many ways on tlu' 
sources of the nation's power *and honour. 

If we have hitherto (IwtH aljimst exclijsively on the value of our 
* #‘*ii1insactions, researches, recommendations, and the J^ood appiic.ition 
of our finance!?, let it not, how'cver, be supposed, that ” e are ui t 
also fully alive to the advantages which flow from the ^f'cial iiitcT- 

♦ The Miinuiii' hail u.i- • i1m < I'n ' iDir,! 

from attfudini^ bv ilomi-sii.* atft'niuin, >uia thr li . 

fh#*rrlult\ lev platv*. 
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course of tfKJse meetings, by briii^in^ together, into friendly 
comnuinion^ from distant parts, those who are strug^lin^ on (often ' 
remote and unassisted) in advaiiciiijr experimental seienee. ' If, 
indeed, this principle of union (which we are proud to have bor- 
rowed fronV our German bretliren,) has been liithcrto found to work 
so well amouj^st our ow n countrymen, w e cannot but doul)ly reeofi;- 
nize its value when w'e see asseudiled so many distinguished persons 
from foreign countries. In the presence of‘ these eniineiit men, 
we forbear to allude to individual distinctions, conseiruis tjiat any 
brief attempt ol‘ our own w<juld fall far short of a true estiiUsite i»f‘ 
merits, the Jiigli or<ler of which is indeed know'ii to <‘very cultiva- 
tor of seiencre in Britain. Well, however, may wc re joice in luiving 
draw’n such spirits to our Isle ; valuable, we trust, v. ill be tl:e 
comjh'irisons we shall he en;d)]ed to make betwee)! the steps whid* 
the ditferent seienei*^ arc making in eountrir-s aTul in our own. 

j'hat a<Ivanta^»'es, iralee<l, f)f fui mean order arise from such 
social in tcrcour Hi', is a IVeling now prt vaUail, fc.nign na- 
tional ^associations for ti'.e promotioli <'.f jwitur.al l.now leilge, have 
rjipidly increased. fM rmany.. I'r. nee, and Italy liav( theiv annual 
a.ssemblie.s, and our allies of t!;e Nortlu rn Stales hohl tlu ir sittings 
beyond the Baltic. In all tins tl:ev(' is doubtUss murh good, but 
an occasional more extensive intercour«:e <)f a sijuilar nature, to be 
repcf/jted at certain intervals, is greally^l<,> be desired. 

It has thereten' appeared to us (are! we .s.ay it after consultation 
with many of our continental friends, who equally feel the disad - 
vantage), tltat the formation of a^general congress of sci< nce miglit 
be promoted at this mtaiing, wliieh, not interfering wit!i»any 
assiunblies yet fixed u]ion, or even eoutem])late(l, may be so 
arranged a*', to ])ennit the Jittendame of the oflieer.s and active 
members of each national scientific institution. 

If tile British Associ.iti'an sln)uid take^lu* first .st(q> in propo.sing 
a measure < f*this kind, and should soii< it. th(‘ illustrious Mundiolot 
to act as Brcsidcnt, we are .-ure .that seienli/ie nu n of ail nations 
w'onld gladly unite in offerir^g tin’s lioUi;?^ge to a m.an Avho.se ldt‘ ;iud 
Ibrtune liave been sjx'ut in tluir (’ause, whose voice lyts been so'm- 
struiTU'ntal in awakesung Murope to the irujuiry into the hfws of 
terrestrial magnelisni, and vvhuso ardent seardi after natiin^'s truths 
lia.s triumphed over thet/\iul(‘s and the Altai. • •* 

If* sueJi he your suggestion, then will s iVesli laurel be added tj> 
the wrcatii of this city. She who, through the power beejueathed 
to her by her illu-strious offspring, conveys ewith rapid transit her 
inventions and her jiroducc to the renfotest lands, w^ell can .^he esti- 
mate the value of‘ an union of men ^vhose labours can but tend to 
cement the boiufc of gtfueral peace. In sucli a body the Briti^li 
representatives would, ^we trust, form no iinconspicuous band ; and 
with mind > strcngtlioned by the intii.sion of fresh knowledge, they 
would, on re-a,sseinb]ing for our own uational ends, the betUT 
.sustain the permanent and 8U(;ccssful career of tlic Britisli Asso- 
* ciatiou. 

• ft 
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*Mr. Taylor, the Treasurer, then read the Report the Receipts 
and Kxpeiiditiire for the past year. 

Mr. Phillips annonneed the order of j)roeeedini*s ; and. added, 
that n strainer had 1 }ecn ])laeed .at tli(‘ dis])()sal (»f the Association, 
which would convey the nienihevs to Arran at six o’clock on Satur- 
day iuorniii,£r ; an(l that the railway proprietors had olfered tt> 
eonvey members to ami IVom Ardrossan. 


SATUKDAY. 


(hi a new method of Photoi^enie Drawinjr,'' by Dr. Scbiifhaeuti. 

Alter soi.oe observations on the com para tivel\' low vahu* of aii 
dra\vin<>'s taken by means of tlie eaniera-obscura, in an artisti(*al 
point of view, ;md on tlie Mvineip d points op which Mr. Talbot’s 
and M. I)a;j;nerri*’s methods tjf fixinu; the dra\\in^s f»f the cainera- 
obsciira’^ve’iv founded, tile author pioeeedi‘d todcfcribe bis peculiar 
methods of prodnciiii.;: ))h<)tog^nic dra\vin‘is in Mr. ralbot’sf that is. 
in a nei^ative way ; tiien, seeondly, lit* d(»scribed two new metli?Kls 
of obtaining plioto^raphs in a positin’ way- 1 1 is first nietfiod tended 
to obtain a*])aper of very trwi? .seiiMbility by a comparatively '^Irorl 
process.. He recommended PeniiV N imiiroved patent metallic pfipcr, 
and sprcadinir a coiK'cntraiod solutiiui of the mtrate c f silvc'r 
to draclims of lu.sed nitrate tob lbiid drachms ol distilled water), 
by merely drawiil^ the papi'r over the suiiact* of the solution con- 
tained in a l.Jr^e dish. In onler to c(m\crt this nitrate of silver 
int«a chloride, the author exj)tis’o<l it to tlie vapours ofboilino nuiri- 
atic acid. A coitting of chloride of .silver, shininijf with a pi'cnliar 
silky lustre* was by this method <>'enerated on tlu* sflriace of the 
])aper, without ])enctratiniij into its mass ; and in order to ijive to 
Om s coatiiiiT of chloride t!fb liijjjhesl degree of sensibility , it na.s dried, 
and tlicn drawn over the suriaci* of the stdution of the nitrate of 
silver again. After liaviug biH'i^ dried, the paj'er was re.idy for use ; 
ajiul 140 re))(*lition of this tw e itment was able to improve it.s seiusitive- 
iiKss. Theputhor's process for fixing dcfmrti\(dy the drawing was 
as follow.s : — I le the iliawing friuu live to ten minutes in 

alcohol, and, •:ifu r removing all superfloous moisture by means of 
Iflilitiiig-jKiper, and drying it .sligJitly betiire the fire, the paper th 11. s 
prepared is linally dr.av*ii tlirough diluted muriatie acid, mixed with 
a few drops of an acid nitrate of mercury. 'Ihe a<ldition of the 
nitrate of mercury i^’quires great caution, and its proper action 
must be tried first on paper slips, upon which hav(' been pro- 
duced <litt‘erent tints and .'di.ailow.s by exposure to liglit ,* he- 
Vause, if added in too gr(*at a ijuanlity, tlif lightest sh.ules 
tiisappear entirely. 'I’lie paper, after having bieii drawn 
through the above-mentioned solution, is washed well in 
water, and then dried in a degree approaching to about I.ks*-' hahr., 
or, in fact, till the wdiite places of* the paper assume a very slight 
tinge of yellow. fhe appearance of this tint indicates iliat the 
drawing is fixe^ permanently. I'lu' author’s w.iy tor reversing the 
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drawing is, in. the principal points, the same as that suggested by 
Mr. Fox Talbot. In order to obtain a photogenic drawing in a 
direet and positive way, the author uses his above-mentioned paper, 
allows it to darken in a bright sunlight, and macerates it tor at 
least half an hour in a liquid, which is prepared by mixing 
of the already described acid solution ot* nitrate of mercury with 
from mne to ten jiarts of alcohol. A bright lemon-yellow preci- 
pitate, of basic hyponitrate of the protoxide ol* quicksilver falls, 
and the clear liquid is preservt^d ibr use. 'fhe iiiaeeraled pap<*r is 
removed from the aieoholie M»lutioii, and tpiiekly drawn over the* 
surface of diluted hydrochlcjric acid ( I part strong acid to 7 or J 0 
of water), then quickly washed in water, and slightly and care- 
fully dried in a heat not <‘\ceeding 212*** of hahr. 'J'he paper is in 
this state H'ady for being bleached by the rays of the sun ; ami in 
order to fix the ohtaineci drawing, nothing more is required than to 
steep the paper a few mimtU's in aleoh<»l, which dissolves the free 
l)icJilorido of mercury, 'fhe inaceTation must not be eontisiaed too 
long, as4n that case the pa])er bi.*gins to darken again. The author's 
sec^id method (»f producing positive photogenic drawings was by 
using metallic plates, and coveriiig then) w ith a layer of hydruret 
of carbon, prepared by dissolviiig pvtch in alcohol, and collecting 
the residuum on a filter. J his, when well washed, is spread as 
equally a.s possible over a he:iteil evenc metallic plate of coi)per. 
The p'late is tlien carbonized in a closed box of cast iron, and, after 
cooling, passed betwixt, two polished steel rollers, resembling a 
common copper-plate priiiting-]>n.ss. '1 he plate, allc; this ])roees.s, 
is dipped into the abovo-mentioncd’.solution of the nitrate of .silver, 
and instantly expo.sed to the .iction of the (vauera.‘ The silver is, 
by the action*' of the rays of the* sun. reduced itito a pertcct metallic 
state, and the lights exj)ressed by the difierent density of the milk- 
white deadened silv(‘r, the shaflows by thc*^ black carbonized platOr 
fn a few seconds, the ])iclure is finished ; and the plate is so .sensi- 
tive, that tlic reduction of the silver begins even by the light ol' a 
candle^ For fixing tlie image, nothing else is rc(|uircd, except 
dipping the plate in alcohol mixed witli a .small (piantity of thv 
hyposulphite of soda, or of pure aiiiinonia. 

Professor Graham tlien gave an Abstract (A' ProI.essor Liebig's 
New Chemical Views relative to AgricMilturc and Physiology, \\h 
contained in Ins Ue])()rt on tlic ap])lication.‘>.'ol‘ Organic Chemistry 
in Agriculture and Physiology. 

The primary source, it is observed, whence man and animals 
derive the means of their growth ancP support, is the vegetable 
kingdom. Plants, on the other haml, find new nutritive material 
o/iljf in ifiorganic shhstfnicfs^ * It is obvious, that the last proposi- * 
tion, if true, will afl<)rd a firm basis on which to build the supcfr- 
•structure of tlie clieraical^physiology of plants. A different opinion 
has hitherto prevailed. The fertility of every soil has been generally 
.supposed by physiologists to depend on the presence in it of a pe- 
diliar .sul>.stanee, to which they have given the name of hmnus, 
I'his sub.ffftmce, l)cdieved to bv the prinei[)al nutriifnent of plants. 
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;ih(l tt) bo extracted by them tVoiii the soil in which they j»row, is 
itself the pmiliict of the decay of other plants. l‘he obvinns differ- 
ence in the growth of plants, ac'cording to tlie known abinidame or 
scarcity of Immusy was considered an ineonteatible proof of the cor- 
rectness of this opiJiion. Yet Liebig addllc^^s the in<Tst conclusive 
proofs that /iu?mix, in the form in which it exists in the soil, docs 
not yield the smallest nourishment to plants. Jst. The lurtnus or 
Immie acid of chemists, (obtained by means of precipitating an 
alkali] lie d<‘coetiori of mould or peat b}” means of acids.) although 
soluble, when newly preeipitatcsl, is known to becrane conj]>letely 
insoluble wdien dried In the air, or when exposed in the moist state 
to the freezing temperature. Tliis is also demonstrated by treating 
a porli<»n of good mould with cold water. I’lie fluid remains 
eoh>iirie.ss, and is found to have dissolved less than lOO.OOOtli part 
of its weight of organic, matters, and to eo^itain merely the salts 
which are piVsent in rain water. l)ecay<‘(f wcxmI also yields only 
slight li^'ices^ of soluble materiaks. It has, index'd, been admitted 
by physiologists, that humic iteid, in i^s unaltered (*oiiditio!i, cannot 
serve for the nourishment of plants : and hence they h«ave assui\ied 
tliat tiic liim? of the different alkalies found in the ashes of vege- 
tables ‘render soluble the huidic aci<l, and fit it for the proce.ss of 
assimilation. But even supposing tlie Inimic acid to be absorbed 
by plants, in the form of that salt, wliieh contains the largest pro- 
portion of humic acid, namely, the humate of lime, Liebig shows. 
iVoni the known quantity of the alkaline bases contained in the 
ashes of plains, in relation to the carbon they contain, that not so 
much as of the carbon of fir Avood, nor so much as l-i20th 

of the carbon of wheat straw, could he derived from humus in tins 
way. SJiuK Humate of lime recjuires 2,500 parts of Ataterfor solu- 
tion. Sow, supposing all the rain water Avhieh falls upon a field to 
llpcomc saturated with Itumate of lime, and to be absorbed by the 
plants groAviiig upon it, then the quantity of Immate of lime, >vhich 
the plants thus nourished eouk^ obtain, might be calculated. Rut 
it proves to be quite insufficient to account for the carbon i*ont:iined 
i^l the corn.or in beet-n>ot groAvn upon tli^* land. :>rd. A certain 
quantity of carbon is taken (*very year from a forest or mea^loAv, in 
the form of Awod or hay, ami, in spite of* this, the quantity of car- 
ill the soil augments — it becomes riijier in humus. 

The carbon of phmts must therefore be derived from other 
sources ; and as the soil does not yield it, it can only be extracted 
from the atmospheric Physiologists, in attempting to explain the 
origin of carbon in plants, Overlook the cireuinstanee that the ques- 
tion is intimately connected with that of the origin of humus. It 
• is universally julmitted that nunuis ari.ses from tBe decay of plants. 
No primitive humus, therefore, can have existed, for plants must 
liave preceded the humus. That plants derive the otrfnm exclu- 
sively from the decomposition of carbonic acid, chicth and often 
entirely supplied by the atmosphere, is tlie conclusion to which 
Liebig arrives. TJiey restore oxygen at tfie sanu' time to the atmos- 
phere, agreeably to the observation of' Priestley, De Saiftisure, and 
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othens. The decomposition of carbonic acid, it is true, is arrestnl 
by the absence of light, and then plants appear to j)roduce and 
evolve carbonic acid. But then, namely, at night, according to 
Liebig/a true chemical process conimences, in consetpuaice of the 
action of the oxygen in the air upon the organic substances coiii- 
])Osing the leaves, blossoms, and fruit, 'fhis process is not at all 
connected with the life of the vegetable, because it goes on in a 
dead plant exactly as in a living one. 'J’he formation of acids is 
effected during the night by a true process of oxidation ; tin* volatile? 
oils also ehange into resins by the absorption of oxygen, 'fife tar- 
bonic acid, which lias been absorlied by the leaves ami by the 
roots, together with watir, ceases to be ilec'oni posed on the depai - 
ture of dciy-liglit : it is dissolved in the juices, wliich pervade' all 
parts of'thc plant, .ind €'seapes thri)Ugh thc‘ leaves by evaporation, 
l^lants which live in a soil containing humus, exhale much more 
carbonic acid during the night than those which grow in dry situa- 
tions — the dccomjjosition of tlu? fiumus in the soil affording addi- 
tional carbonic acid to the roots of the former. The opinion is not 
new that the carbonic acid of the air serves for the nutriment of 
plants, and that the carbon is assimilated by them, liaving been 
advocated by the ablest natural jrl-tlosoiihcrs, ]>ut bat: not been 
properly appreciated by naturalists— partly, Liebig believes, from 
their imperfect ac(pnuntance with chemistry, and partly from cer- 
tain objeelionable experiim'nts which were instituted by them in 
order to decide the point. That tlic dovc*lop(.‘nvcht of the plants 
growing from seeds sown in pure Carrara marble nrd in sulphur 
flid not advance far, although sjiriiikled with c*arl)onic acid wat^;r, 
is not to be wondered at, seeing that many eonditior;s are necessary 
for the life of« plants ; those of each genus rt*([uiring .special con- 
ditions, and should but one of these he wanting, although all the 
rest be supplied, tlie plants will not he bnvjght to maturity. Tlip 
sources of the nitrogen and Ceirthy bodies, which all jdaiiLs contain, 
were withheld in these experiments. The mere observation of a 
wood or a meadotv, Liebig considers infinitely belter adapted to 
decide the question, lliav all the trivial cxpc'iimenls under a gla.s. 
globe. Having shown that the carbon of plants is derived from the 
atmosphere, Liebig next inf|uires wJiat power is really exerted on 
vegetation by tlic hurnus of the soil. v 

Woody fibre, in a state of decay, is the sttbstance called humus, 
'I'his body possesses the property to con veil oxygen into carbonic 
acid. A substance tlu.n remains, rnould, which is the product of 
the complete decay of woody fibre. Iv constitutes the principal 
part of all the strata of brown coal and peat. Jhmus is a toniinued 
source of carbonic tucid, whi(?h it emife very slowdy. Such is the * 
chief function which Liebig ascribes to it in vegetation, I'here is 
no reason to believe that humus, if absorbed by plants, would not 
be assimilated, more than sugar, starch, and gum, which humus 
considerably resembles, and which, when absorbed by the roots of 
plants, are not assimilated, but again discharged by the roots, or 
excreted by. the leaves. Cultivation is useful, as tilling and loosen^ 
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jiig the soil' allows access of air to tlic humus, and thus gives ‘rise 
■ to the formation of carbonic acid. When a plant is quite matured, 
and* when the leaves, the organs by which it obtains food from the 
atnK)splicre, are formed, tlie carbonic acid of the soil is no further 
required. 

'/Vie Asshnilatio}i o/' !Jy/({rou;r?i. — The solid part of plants (woody 
fibre) contains carbon and tlie constituents of* water (C-j--II,0), or 
tin* olonents ot‘ carbonic acid, together with a C(‘rt:iin cjuantity of 
hydrogen. 1 lu* wood may be formed from a combination of the 
carbon of the carbonic ac*id with tlnr elements of water, under the 
influence of solar liglu,ti)e oxygen ol'tlie carbonic aciil being at tlie 
same time evolved. Or, — and this view l.ieltig tlhnks more pro- 
bahl(‘, — plants, under tin: same circumstimees, may decompose 
\vater, the hydnjgeii «>f whieli is asrHimilateil .ilong with carbonic 
acid, 'fhe oxygen disengaged from pi.ints will therefore coiiie front 
watc^r. Ihit tlie volume of this gas set iia^e would be the same, 
wlietlier *^eri\anl from the rlecompositio.o of carlxinic acid or of 
water. A |>art, or the w^liole ot' tiie o\ygt‘n l)esidc.s contained iji 
thi^ carbonic acid, mii^t al^o be set fri»c, in llie formation of such a 
.suhstanct' as an esserni ii oil, whi(*li contains only a small portion ot 
oxygen, or lu) (»xygcn, a- a con’^titucnt. 

Oil Ike Oriir'in. and Assinplaiim of Xltroisrn ^ — Prof. Liebig esta- 
blished the fact that the tliyxH ot the organic* elements is unifo^^nly 
rlerived by plants^frcun ammonia. Like water, that boily admits of 
numerous transibrntations in contac t witli other bodie-^. He has 
ilemonstrated fhe cxi^tenco of ammonia in tiie .atmos])here, l>y 
origwial experiments, having obtained it in a minute but sensible 
cpiantity from rain water collecleal at a distaiua* from all habita- 
tions. The (liirusion of tl\is substance in the mineral T^ingdoni is 
also evinced by the existence of c«ilcareoiis nitre* sifils and rocks, 
tlie»e beitig good reason t<T consider nitric .icul as a product of lire 
transformation of tlu* former. A .salt of ammonia also sublimes 
Avith the boracic acid, e<»uden.sed iii tlu* hot horai’ic lagoons of 'fus- 
oariy. ^Ammonia is also olil^ervable in the state of a salt in the juices 
of plants. The juices of the maple-tree and iTf beel-rom are found, 
in the process of preparing sugar from tciem, to contain ammonia 
in considerable quantities. Putrilied urine contains nitrogen in the 
jorftrt of carbonate, phosphate, and lactate f)f ammonia, and in no 
other form. It is emplofed in Flanders as a manure rvith the best 
results. Animal manure, Liebig belie ves to act only by the forma- 
tion of ammonia. Thoilatter substance nui*<t aUo form the red and 
blue colouring matter of flowers. 'The evident influence o( ‘jt/pMim 
u^on the grovrth of grasses, th^ striking /crtility and luxuriance of 
a meadow upon wliicli it. is strewed, ilc]>encls only upon its fixing 
in the soil the ammonia of the ativiospheiav whicIi uoiild other- 
AVise bo volatilized with ihcMvater Avhich evaporai<*s 'flu ammonia, 
Avhich is in the state of carbonate, is then ih^composed, as m the 
nianufa^ure of sal ammoniac, and the siiljdiate of* ammonia pro- 
duced. The advantage of manuring fields witlr kifmod eftn/ and 
the lertility of fA*rug{nous soils, Avhicli have be»‘n conquered as 
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tacts so incomprehensible, are ex))lainc(l in an equally simple man> 
ncr. The true cause is this : — 'I'he oxides of iron and alumina 
are distinguished from all other metallic oxides by tlieir power of 
forming sqlid compounds with ammonia. The ammonia is sepa- 
rated from tliem by every shower of rain, and conveyed in solu- 
tion .to the soil. Powdered charcoal surpasses all other substances 
in the power to absorb ammonia and other gases, and has bec*n ob- 
served to promote vegetation in an extraordinary degree. Decaying 
wood possesses the same property. Humus, therefore, is iu)t only 
a slow and constant source of carbonic acid, but is also a means by 
which the necessary nitrogen is conveyed to plants. Nilrogt ti, 
laebig observes, is found in lichen.s, vvhicli grow on basaltic r<jcks. 
Our lields produce more of it than we have given them as manure, 
and it exists in all kinds of sculs and minerals which were never in 
contact willi organic substances. The nitrogen in lliese cast's could 
only have been attracted from tlu^ atmosj)herc. Carbonic acid, 
watt'r, and ammonia, contain tiu* elements necessary for f/fe support 
(?f animals and vegetables.' fhe saiue substances (he adds) are tlu' 
ultimate products of the chemical ])rocesses of decay and putrefac- 
tion. All the innumerable produvjts of‘ vitality resume, afujr deatli, 
the original form from which tliey sprung. And tims death — the 
complete dissolution of an existing gcncKalion — becomes the source 
of life for a new one. 

But another class of substances is also m ees^ary for the life of 
vegetables. 

The Inorganic Consliinlion of Plants. — 'I'hese substances nr(» 
found in the ashes left after the incineration of plants, although in 
a changed condition. Many of these inorganic constituents vary 
according to the soil in which the plants grow, but a certain num- 
ber of them are indispensable to their ^developcment. Phosphate 
of magnesia in combination with ammonia is an invariable cohsti- 
tuent of the seeds of all kinds of grasses. Plants also contain 
various organic acids, all of* avIuv Ji are in cornl)iTiatioii with bases, 
such as potash, soda, lime, or magnesia. Of the dilferent xlkalme 
bases found in plants, Liebig finds reason to concludes that any one* 
may be substituted fur another, the action of all being the same. 
But the number of equivalents of these various bases remains the 
same. The analysis oPBerthier and Sanssure show that the nature 
of a soil c'xercise.s a decided influence on' the quantity of different 
metallic oxides contairu'd in the plants which grow upon it : that 
magnesia, for example, was coiitaine.d in the ashea of a pine-tree, 
grown at Mont Breven, while it was absent from the? ashes of a tree? 
of' the same spegics fivun Mont La ?al1e, and that ev'en the propor- 
tion of lime and potash was very different. But although the coin- 
jiosition of the ashes ot* these pine-trees was so very different, tliey 
contained an equal number of equivalents of metallic oxides; or, what 
is tin* same tiling, the quantity of oxygen contained in all the bases 
was in both eases the .same— being expressed by tlie iluhiber 9.01 in 
one cAse^ and by 8 95 in another, a coincidence which had escaped the 
notice of* the analyst lii nisei f. It is certain that particular acids eiilor 
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into (liflbrent vegetables, aiicl are jii cessary to ihcir lifii ; some alkijine 
. base is also iridispensiblo, in order to cuter into coiiibinalion with tlu^ 
acids, which are always found in the .stat«3 of salts. The perfjrct 
dovelopeinont of a ]>hiiit is ihr^rLdbro dejjondtnit on the pp'sciice of 
alkalies or alkaline earths, ami iis growth is arrested whe*i those sub- 
stances are totally wanting, and impeded when th(?y are only deliciont. 
Hence it is that of two kinds of tree, the wood of whicli contain^ un- 
equal quantities of alkaline bases, one may grow luxnriiinily in several 
soils, upon which the oth^T cun scarcely vegetate. Thus 10,000 parts 
of oak-a*ood yield 2dt) juirts of ashes, and the same, quanlitv of hr- 
wood only S3 parts. Meiu c, iirs and ])i!ies lind a sufficie nt quantity 
of alkalies in granitic and barren sandy soils, in wliicli oaks will not 
grow, faebig supplies various additional illusiralions of the influence 
of tlie alkaline ui Uallie oxides on vegetation, amply sullicieiit to ])laoc 
beyond controversy these i-onchision^, so important to ai^r cultiirc and 
to the cnllivalioii of forests. One of these ih'ofe.-^or Or.iluim quoted : 
a harvest of grain is fdjtained rverv tlrlrty or forty years from tile st^il 
of ilur rAtiiebnrg iieatii, by strewing it with the a^rhes of llio heath 
plants whieli grow on it. 'rhese plants, during thL‘ long ]>eriod inmj-. 
lioned, collect the pota^'h and soda Irom ih ? decomposing minerals of 
the soil,, which are conveyed lo them hy rain water; ami it is by means 
of thf.’se alkalies that (sits, harb’y, and rye, to winch they are ijidis- 
jauisablo, «ire enabled to grow on this sandy heath. The supposition 
of alkalies, metallic oxides,%c;t inorganic malt* r in general hoing^pro- 
duced by plants, Js onliiely refuted bv'iifiuch well authenticated facts. 

It is tliought very rAnaikahle, iliat tlnwe plants of the gratis tribe, the 
sfauls of wlnch*furnish food for inan, follow him like the domestic 
animals. But none of our corn plants can Ixrar perbet seeds, that is, 
seeds yielding flour, without a larg<.' supply of phosphate of magnesia 
and ainmonni, suhstanees wdiicb they rocpiire fur thoil* maiurity. 
Hence these ])lants gvo>v only in a soil wdien^ these three cotistitnculs 
aro#lbiind combined, and Tio soil is riclu’r in them than those where 
men and animals dwell tog 'ther. Professor Liebig then applie‘«i these 
great fandaimuital ]>riuciplos, in tl)is r<*j*ort, to the art of cnitnre, 
under jhe following lu'ads:*uso of lininns — nuirifion and growth of 
platils — m.'Ct^sgity of azotizeil siih'^tanci's — infln^m’e of the food on the 
produce — composiiion of soils — tlie fertility of soils — fallow. rhen, 

niulor the head .of iiUeroltange (rotatitui) of crops and manure, he 
diJlu^ses tlie varieties and applications of pinticnlav manures, compo- 
sition of animal manniv#i the essential olomenis of matture, hone 
manure, manure supplies nitrogon, mode of applying urine, value of 
human excrements. tlie second ])art of his report Professor Liebig 
discusses the chemical processt^s of fermontatiou, decay, atid jvutrefae- 
tion, under the heads of chemical iransfovmalions — eremacausis (u* 
ttecay— vinous fermentation — wfne ami beer — decay%)f wotxly iil>re— 
on the nioukloring of bodies — and on poisons, contagiims niaffer, and 
miasms. The novtd theoretical views witli wfuch this depariineiu of 
the work abounds are remarkable, etjually with tliose of the |)ieoodiug 
part, for their profundity and for their valuabb' a]q>h'eiilions. The 
subjects discussed, however, are numerous, ami of such a nature that • 
gi»at injustice wciiild necessarily be done to them in a short m\A hasty 
tibstract. • * 
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Dr. Gregory stated, that Imving stiulied Pro tossor Liebig’s work,' it 
appoarod to him in the higljcst degree important, as being the first at- 
tempt Jo aj)j)ly the newly-created science, of Organic Chemistry to 
Agriculture ; that, in his ojiinion, from this day might bo dated a new 
era in that aa, from the [iriiiciples established, with sncli profotind sa- 
gacity, by Professor Liebig. He was also of opinion, that the Pnlisli 
Association had just reuMUi to be proud of such a work, as originaliiig 
in their recommendation. 


MlSCELf. A NE( )US A IIT ICI /ES. 

Onllrd Su^ar ^ by J. C. 

rher<? are few, sulijicts which havt* cvi’ated move sensation in tlie 
greateT'])art ot Lurope, and tin* l.-nited Stall s, .<iinnltarieoasiy, tlian the 
manufacture of sugar from heei. root, *Tliar it sliouhl have induced 
many individuals in tins connlry to I'xperinnmt, with a view to its 
manufaciuiv, the elmracti rislic enterjirise and ingenuity of our j»eop]t 
might guarantee, Imi may we not assign the chief reaso*:! of their 
failure, or only partial success, the fact, tliot too many of ns still boast 
of our practical knowh dgt*, wjlh a. siiielong sneer utjhe a.ssista;K*e of 
science. It is rather nmre surprising, to olisorve the intense and all 
pervading interest inanifested oji various j>arts of the coniinent of Kn- 
ropc?, esjx^cially in (L*nnany, on 'llie. sugar-beet and it.s important 
product, as it ch.'arly shows (bat ibis ](‘arni‘d people have received an 
inijinl.sff uitli the rest of the world, relative to tnoro modern juanufac- 
turcs, or rather tliat the zeal with which scientific mr?n have devott‘d 
themselves to the advancement of tlic arts, i., now developing its effivjs 
on the mass of the couiimmity. The frequent questions asked relative 
to the making of hcet-sugar, may bq better answoivd by a concise di> 
scrijition of the sii])(.Tior method ofextradi! g sugar from the dricdjjoet, 
llic iiuiiii ])art oftlie acfiouut, being taken from Dingier s Polytechnic 
.'Journal, for I8‘3b, IJd. J.XIX. 'J'he drawings in all ihoir details will 
be omiin d, and in^a ely the general features of ilie pro<;e.ss deaerihod. 

1. r/fY^w,y///g. -- They jin he washed, to free tlM-m from tlie .H.II 
vvliicli adheres to tlietn, and this may be ('xetyited in a simjilc tub, or 
oil a largin' scale, a vat, into which water flow's. A convenient arrange- 
ment for Ibis purpose, might be a net-work cylimler, slightly declining 
from a horizontal jiosition, n’volving nuder water, or tlirough which 
water should abumlantly flow. Tlio beets coming out from the de- 
jiTessed end of the, cylinder, will be perfectly clean. 

2. Cutling. — ** 'rb(‘y are next cut by a. machine into long strips, ox- 
hibiting a square by a cross section, i. (?. into long paralltdopipcds, 
which i.s accomplislied by a serie.s of small knives allaclicd to a shed of 
iron, jiarallel to, and at short distances from (^ach other, which first 
qnike inci.sion.s as deep as the required thickness of the jiieces, and are 
followed hy a long knife, beliind and at right angles lo|he smaller 
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by wliich the strips are separated.” The knife with tlie siiraller 
ones, cut by a vertical motion, but lluM-e might be a greater econo- 
my of time, by bringing a series of these cutters on a whecrl, and 
attachir\g the smaller knifes to the large one. sutFering them to pro- 
ject a little below it, so that their incisions may be immediately 
followed by the edge of the long knife. 

3. . 7 )r// 2 //g. — ‘‘ Various and sim|)le arrangonienls have befn de- 

mised, for drying the pieces thus cut. in all of whicli tlie ]>rinei[>le 
coufcfists in exposing tliem iniliin layers to a current of air, heated , to 
a temperature of hetween 100^. and 14.')^’. Fah. ; for if below 
they are apt to ferment, and if above 11*5^. they arc liable to de- 
coniposition. h^or this purpose they are placed on wire nets, in tln^ 
form «)f drawers, to tlic de))th of one or two inches, the drawers 
.Sliding in one over another, at the distance of threi; inches, to allow 
a free circulation of air. 1‘he tlrying chaml)eTi, or lionse, is heated, 
either I)y a hot air furnace, or by steam tubes. A better arrange- 
ment, ever, ami one recpiiring but little hand-labour, is a series 
of endle.'S!?’w ire-nets, one ove<* the other, and each passing •around 
a roller at cacli end. 'fhe. ])it‘ces are carried iVom the cutting ma- 
chine, on an cndles.s cloth, up tlie higlfcst of the nets, on winch they 
fall, aiul aiT‘ carried to the taWicsl end, ])v its constant motion, 
'where tl;ey fall on the next lower cndlch.s nit, which at this end 
projects beyond the upp(!fi«i>',t, moving in the a))posile directyin on 
to tl^c farther end of liie second, wijicli docs not reach as Jar as 
the third, they received on tlie latter, and again transported to 
its farther end, and tlui.s, hy moving alu rnately in opposite dircc- 
lious, on tlie adjoining nets, llu'y reach tlic lowest, from wliich they 
are thrown olFiifa dried, or siniiciently dried, .slate Ibr use. These 
parallel neft are all in a chamber, licatcd l\v sloanf tubes from 
below ; lower openings r,i the npartuu nt admitting cold ami dry 
ai^ the upper ones abovifthe nets, permitting llieegri'ss of the hot 
air, surcharged with vapour. After drying they are ground to 
powder.'’ , 

4. Siipir Kxlracliofu — V The saeidiarine matter may be extracted 

liyipure \vatj^r, hut it is found to be more aih antageous to add acid 
or lime to it. The former is preferable, and sulphuric acid the 
mo.st convetiieiU:. J'o nine pai-ts of water add two-tliirds or Lhree- 
f(»i»ths of a pr, ct. of s\d))huric aciil. (according to the amount ot* 
sugar in the beets,) amUstir in four, or even more, paits ofthe pow’- 
dered beet. The stirring should be continued until the ai idiilatcd 
winter is ;ibsorbcd, wlj^n the niUsSs is subjected to })ressure in bag> ; 
the remaining mass is agatu ireatid with the same ipiinlity of 
equally acid water, and pressed, but the liquid thus obtaincil, is 
ftsed for the next fresh quantJly of powaler. ivoi>tening and 

pressing are continued until all the sugar is^extracted. 

The portion first pressed out, is treated with a ipumtity of* slaked 
lime, a little more than is sufficient to neutralize tlie acid, ami the* 
precipitation of sulphate of lime lakes place fully at the tempera- 
ture of l65®. to 19 O'*. Far. 'I’he clear liipiiil is drawn oil amf 
i^staly^ed by tfie ordinary sugar-refining procc.-'S.” * , 
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77/twv/.-r-Besiclo suj^ar, there are many other vegetable prin- 
ciples containcil in the beet, of which gluten and albmnen are th<j 
most injurious and diiiiciilt of management, but by drying they are 
rendered insoluble, and cease to be troublesome. It is also in con- 
sequence of the same operation, that less animal charcoal is required 
for purifying the sirop, than whcie tlu* beets were not dried. 
SulphCiric acid renders more insolidilc the gummy matter, and pro- 
bably decomposes a combination of a portion ol' the sugar, but as 
there are other acids also ))rcsent, a little more lime is add(?d to 
ne\itralize them, than is siiHicieiit lor saturating the sulphuric acid, 
'i he beet may contain Ironi six to twelve pr. ct. of sugar, but much 
of it is lost i7i theju'oeess of maniifaetnrt*. It iv similar to that ob- 
tained from the sugar-cane, and is hence <;»lU«d cane-sugar, to 
distinguish it from other varieties, as r.iisiu or slarch-sngar, sugar 
of milk, &'C. 


' On llalsin Sngar ; by\T. C. Hooth. 

When raisins have b(*en exposed to tlu» air for a length of time, 
small crystaline grains will be fonmkupon and within th^m, winch 
have a sweet taste, and are a species of sugar. 'I’he^same kind 
may be made by the action of diastase, qr sulphuric aeid,^)n starch, 
and i'lideed starch-sugar, or rather starch-sirop is much used in 
parts of France and (iermany. "fh'* process of manufacture is as 
Iblknvs: — 

1. Convcr,slon of the Starcfi. — One thousand j)arts ol' wniter are 
brought to the boiling point, in an open vivssel of. copper or lead, 
and liftceii jvirts of snlphurie n(ad added, previously diluted with 
thirty part.s of water. \\*hen tlie fluids are well mingled, a cover is 
put on the vessel with a small o]){‘ning in the centre through whitjh 
the starch is introduced. Four Inindred and fifty to five hundred 
parts of dry starch, (or as much wet as contains that (jnantity,)are put 
into the opening in the cover of the vess^;!, in very small portions 
at a time, so that the fluid may conlinue boiling, and not becmr/C 
thick. A few minutes after the last portion is addeci, the fire is 
extinguished, and chalk is thrown in to nentr dize the acid. The 
clear liquor is drawn fdf, when the sidphate of lime lni.s deposl^etl 
and. filtered through ordinary sugar filters. ^ It is then evaporated 
to one half its volume, twenty-five parts of animal chaimil stirred 
in with a little blood, boiled and filtered through 'fayloFs filtering 
apparatus. I his is starch-sirop, from which sugar may be 
obtained, by evaporating to 40— 45*^. Haiinie and cooling. I t forms 
a white, coarsely granular mass, froni’ whicli the molasses may be 
separated in tlie ordinary manner. One bundre<l parts of dry 
.starch, give one hundred and fifty parts of syrup, or about one 
hundred of dry sugar. 

2. Thr Theory of the Procc.\s. — The conversion of starch into 
fugar, by this process, is one of the most singular operations of 
chemistry., and has given rise to a new doctrine in the scicnai.! 
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We pcrmvc that by tiu? operutioti on a largo scale, flioy obtahi an 
aujont of sugar equal to that ol' the starch, but Do Saiissure ob- 
tained ill a careful ox[)eriinciit, from one bundled of starch, 'one 
hundred and eleven of dry sugar. The sidphiiric^ acid is un- 
changed, for there is the same amount romuiuiiig after tl.'c operation 
that was originally introduced ; nothing is absorbed from the 
air, nor is there any evolution of gas, for the operation may be 
conducted eipially well in closed, or in ojien vessels. The starch 
alonejias changed, and this change is efreeted by its taking np a 
certain quantity of water, or rather tiie elements of water, hydro- 
gen and oxyj^cn. According to Sanssure, one atom of starch takes 
un about two atoms of water. It appears then that the prestme 
of . sulphuric acid is suttieient to produce such an alteration among the 
elements of starch, that a new and did’erent product n-sults. For 
this reason •aid from many analagous facts, the Fivncii chemists 
give to this singtdar method of decomposition the name oi' prawnce ; 
HerzcTTus^eaUs '\l rnlaljifils, which signilies a decomposition by the 
interchange of the eiemcnt.s of a hotly among each olhcF 'J’he 
catalyetic influence of sulpinuie acid then, is to convert stareli into 
stigar,, whyro water is present^ All other acids will produce the 
same* result, and the same kind of sugar may be obtained in a 
similar ^nanner from other organic substances, such as linen, cot- 
ton, wood, &c. But the rlTaiige is not immediate, for it is ol^erved 
to convert the starch first into gum, .and the gum into sugar. It is, 
however, not the mineral acids alone, that produce this effect, for 
an orgranic sulistance has been discovered in malt, wliieh possesses 
thtf same |>owt’r jn a higher degree. This is diastase, which con- 
verts starelj into gum (or dextrine) at a leinperatiire of IjO'*, to 
l6‘0‘'. while the mineral acids reepure iSo*-'. to ;2()5®. One part of' 
diastase w'ill change two thousand parts of starch into dextrine, 
ai!d at least one thousand parts into sugar, Through tne presence 
of diastase, ihereiore, or more properly by its eataU tic influence, 
starch of wheat, potato, &c., first changed into dextrine, and 
t^en«into supir ; a highly interesting fact, as giving us a clearer 
view of the«formation of gum and sugar in plants, and of the pro- 
cesses for inamifacluring alchoholic licpiids, which require the 
jjjrescoceor fot-mation of sugar, prior to their vinous fermentation. 
* !n concluding the above articles on ‘the manufacture of two 
varieties of sugar, tho*following table of the amount of sugar con- 
sumed in Europe, in 183(), may not be uninteresting. It is extracted 
from DingleF.s Folytt Jour, Ixvii. p. Jjp. 
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No. ot'nulliMnti nf 


lihi^rvlmus of Kiimpi-. 

England 

.s 

.32 1 i 

20 

Ireland 

32 

4 

France 


IT^i 

5\ 

Prussia 

h% 

:>0 

d 

Bavaria 

4 

10 


Switzerland 


12 

. i\ 

Belgium 


00 

iry‘ 

I'loUand 

o \ 

30 

1 1 

Denmark 

o 

10 

0 

Sweden and Norw^ay 


12 

3 

Spain 

1 1 

N7 


Portugal 


ill', 

4 

Smaller German Vtates 

(S 

40 


Italy 

IS , 

:Ui 


Austria in the commen'ial 
union 

hb 

40 


Austria without eomima*cial 
union 

oir> 

2d 


Bussia 

40 

10 



2071 ’ 10111 

ofir*.-. f niuklljj Injtjtuitf. 


('opal Vunnsh. 

'I’he (ollowiii^T nicilKKl uf prepar ins;' ji ropal-varnisli, ^ not novel, 
but its sirnplieity and the superior (piality of the product, may ren- 
rler it acceptable to many of the readers t»f the journal. 

Enclose coarsely-powdered copal in a hlien ra;;, and lian^ it in 
the neck of a flask, or bottle, to such a depth that it cannot touch 
the spirits of wine, which is in the bottom of the vtsscl. ’J'ie a 
piece of bladder over the mouth of tlie flask, and make a few per- 
forations with a pin, for the escape of a little alcoholic /apoiir. if 
the vessel be placed in a warm situation, thick and viscid drops of 
the copal, combined with alcohol, will slowly fall into the liquid be- 
km, and gradually dissolve, until tlie whole of the copal is extracteif. 
When dissolved, the clear liquor may be Uecaiited from a V(?ry 
small quantity of sediment, and it will prove a more transparent 
and beautiful varnish than can be procu/’cd bj any other metliod. 
The same process is applicable to other dilHcultly soluble resins, 
and will be found^useful where rajjidity is not required. 


^ Sofh Manufacture in llttnqary. 

Native carbonate of soda is found in greatest abundance in Little 
(‘Rumania, particularly near Shegedin ; it likewise oix'urs in many 
other places, in greater or smaller <iuaiitity. It effloresces out vf*, 
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ihe moist rarlh, forrnin/^ a white mist, and in the spring ot‘ the 
year, before sunrise, appears like an extensive covering of^snow. 
With greatiu care than they now (Miiploy, the workmen might 
readily gather it snOieiently pure for ordinary technical purposes 
by raking. 'I’he whole of the surface is gathered, and sold to the 
.soda manufacturers, who distiiiguisli its (jnality and rieliness, by the 
taste. It is leached in square vats, until the remainder ceases to 
haye a saline taste. 1’he fluid is dark ])rown, and bu.side carbonate 
of sod#, contains much sulphate and muriate of soda, humic acid, 
and other nieclianieai impuritic-v It is boilctl (lowil in a large 
sheet-iron pan, to a siropy consistence, transferrcrl to an adjoining 
pan, and evaporated to dryness under constant stirring. 'I he mass 
is of a dirty yellow, or brown, with white and black spots. It is 
gradually heated in a calcining furnace with the access of air, until 
vapors cease*passing oif, then lused at a liiglier temperature, and 
taken w hen partially cooled. A large portion is employed in 
the comitny’ ifseli', in the manufacture of soap, the remainder sold 
as raw calcined soda, as tliere is no manufacture fur crystalizing •it. 
If the demand for it were increased, the ]U'i)duction of tliis salt 
might* be iwereased to three ortlbur times the present amount, as 
the country tamtams numerous soda lake.*'. I-e>ide friesle, from 
wdiich some of the producti^ons of Hungaiy find their way to the 
American market, tlu*re is'a port on the Adriatic, bclongiiigt^clu- 
sively to that kin^nwlom, wlience \vi‘ might obtain at lower rates, 
the products ot’one of the most ferlih coumries of Europe. 


(hi Oath' inline 'Mnrjtfadnrc of Hhich InL 

ftiuc Aleppo galls are employetl in gre.at quantity, in the maiiu- 
facUire of black ink, in consequence of the large amomit of tannin 
they contain, nearly all of whicii, by a judicious management, is con- 
vertei> into g.illic acid. Being gre.atiy superior to oak bark in their 
content of ti«min, they might he snhstituteA for it in the process 
of tanning leather, were not their high price a serious iinpt?diment. 
'fhe^ are excrescences on the Icai’-.'^tem of the qarreus i/iJ\\'tonaf 
growing in the Levant, and are prodiiefl by the incision of the 
female galKwasp. Thm-e is, however, another kind of galls, the 
acorn of the i/wc/Y.‘//.v cerm^ which receive a malformation from the 
incision of an insect,® and ^iroduces* a substance not nnlike the 
Aleppo galls, but much more irregular, and with bold projecting 
{Vaints. f bey are found abunjantly in Hungary, ^md the southern 

provinces of Austria, where they are employed indyeing and tan- 
ning, particularly in the latter art. Ihey^are known under the 
name of Knop^ern in Germany, and dalles a Vepine in l^'anee, and^ 
in the former country, are considered but little ini'erior to good 
Aleppo galls. A manufactory has been establislu'd at Vienna, for, 
o^^ning a solid extract from them, which has been sua'csslully 
employed ii\ dyeing dark colours, and in tanning. Either the * 
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kiioppern, or their extract, might be obtained at Trieste, and might 
prove ^ useful substitute for* ordinary galls, whether in dyeing, or 
in the manufacture of ink. 

n.iii. 


“ £ssay of GoI(f. 

In the last number of the Journal, a new method of assaying 
gold, proposed by Lewis Thompson, Esq., is extracted fVpm die 
London and Edinburgh Philosophical Magazine. It consists in 
adding to the gold assay-piece, an excess of silver, and tlien luring 
the mass down with tJie chlorides of silver and of sodium, to re- 
move the base metals. The silver is afterwards separated by nitric 
acid. By tliis plan," says the author, "‘tlie tedious process of 
cupcllation is avoido;!." 

It may not be unimportant to some of the readers of the Journal, 
to be informed, that Mr. Thompson’s plan dilfers from usual 
oije hy cupcllation, only iiCtwo particulars, in both of wliieli the 
old process has manifestly the advantage. In this process, lea<I aloiu? 
is used to remove the base metals, instead of the two ehlorid(?s, and 
it is simpler, perfectly effectual, and not subjec t to deercj)ilation. 
The second point of difference is that a jrupel, composed of bone 
ashe^i is used instead of a crucible ; and this cupel possesse.s tlie in- 
valuable property of absorbing the oxides of lead,, and of tiu? baser 
metals, and leaving a clean button, compc^cal only of gold and 
silver. In the new process this advantage is not presented, and 
there will be grains to be separated from the enieibh*, as after the 
operation of fluxing; thus adding not only to tiie labour of the 
process, but to the uncertainty of th(» result. We are therefore, 
led to the conclusion, that the process proposed by Mr. Thompson, 
is more complicated, more inaccurate, and even more ‘^tcdioiVsf' 
than that now in universal use. 

Posiscripf- " n 

Sometime after the above article was eounnunicated? an opportu- 
nity was taken of making trial of Mr. Thompson’s method of assay, 
and the results render it proper to niod 4 y, in some degree^ tj^ie 
above remarks. The g&ld, the fine silver, and the chloride of 
silver, were melted together in a small crucible, and the button of 
gold and .silver formcdw’as found to be much more perfect and better 
insulated than had been expected. Fivii assays were made, and the 
results, by the old and new piocess, expressed in thousandths, were 
as follows: i • • 


No 1 , by cupcllation. 

968 

by Thompson’s process 

968.5 


890 

<1 

889 

3 , 

936.5 

<( 

936.7 

4 , 

900 


900.2 

5 , 

460 

r< 

460 5 


This comparison of the two methods is certainly very satisfactoiijV, 
/the greatest difference being but one thousandth. 
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•111 i?inployin" Mr, Thotnpsons procc.vss, an evil was observed 
• which iiad not been anticipated. It is, that a sensible portion of 
the ^chloride of silver is vohitiJized durinjj^ tlie fusion, and ^::on.s(?- 
tjuciitly lost. To sliow this, the followiiii^ statements of the first 
and last assays — being of the finest and basest specimens, are pre- 
sented. TJie weight 1000 is ecjiial to between 7 and 8 grains. 

No. 1. Gold, with silver 1000: no coppef 

Fine silver 2000 

« Chloride of silver 2700=20:^7 fine silver 


5037 

Ihittoa of gold and silver after melting, 3088 

Loss of ^ilyer by the process. 

— 1[) K9 

o. Cold with silver 

d.91-+ copper 50C> 

Fine* silver 

1400 

»^hJoridc of silver 

3000=2260 dine si) ver 

• 

Jhitton after melting, 

4154 

2.0 SO 


— 

l.oss of silver, 

1704 


On the whole, though thviiew process is certainly not so goydas' 
that by tin.’ cupej, and is not likely ever to rejdace it where nu- 
merous assavs are to lie made, as at a mint, yet it is certainly better 
than was sujiposiMl when the above remarks were made, and it has 
the aulvantago, wdiich is valuable muier many tarciimstances, of not 
requiring a niuilie*funiace, or a cupel of bone ashes. 

^ • • ihki 


A l^vs(]fiptio}i of a Sew Fopw of Magneto- J.lectrtc Macliincy anil an 
* /^wount of*(i Carhofi Batten/ of ronsidirah!^ enerts/f ; by OjavKu 
W, (;inB’s, nieinber of llit» Junior Clas'^ of Columbia CoH<*gr', N. V. 

y. well known, that if a soft iron bar bo wound with insulatod wire 
and caused suddenly to a|r|>roaob and recede from the polos of a iiiag- 
nct, teun>omrv magnetism will be induced in the bar, and aii olcctric 
current in tlui wiio surrouinling it. Tliis fact led to the construction 
of thrt luaguelo-eloctric itiaehinK?, the principle of which consists in al- 
ternately inducing and destroying mugnoiism in a bar similarly wound 
wUh large wire for sparks and doiagr.iUon.st and witli^small for slii>cks 
and chemical deconi positions. About eight mouths sinc<' it oi cnrred 
to me that a more simple machine lhau those •commonly used (and 
which all I belicyo re.sciuble that of Saxtou) might be coustruclcd 
My plan was, to take a bar of soft iron of say an inch in diameter by 
ten inches long, and to slide upon the middle a disk ol brass of two 
inch^ radiujs. ThU would divide the bar into i\>o parts, upcm one ol 



Miscrllatirotis Articles. 

whic'li is to bf'woiiiul three or four Innulred leot ofeopjxirbpll wire well 
insiilateil, und upon tlie otlicr and separated from the iirst by the brass 
dislv, about four times that of line wire, say No. 2o. If now one 

extromitv of the coarse wire be attached to one pole of the bat (cry, and 
tlic coiniiinUiCation between the other exiremity and (lie other haltery 
j)oJe he alronintely made and interrii])fi;d by means oi’a rasp or toothed 
wheel; inaj^netisin will be induced and destroyed in tlu'. iron bar and 
caniseipienily an «dectric current will eireulati^ ilirough the fine win*. 
Tile use of the brass disk is to jire.veiit bv na'ansofii elu-» d circuit, ;piy 
immediate induction in ilu* fine from the cvmrsc wive, wbi<*b wn'.ild in- 
evitably take jdace were none interposed, and wbicb wiMild coini it the 
instrument from a magneto-electric to ati eleciro-magin'ti.: machin . 

Since tlie above was devised, an obvious improvement lias suggested 
itsidf. '1‘liis is hmndi'd n]>on the fact that magnetism is strong! >1 at tlie 
extremilie.s of ]w>dies; and consists simply in ditmlin^*^ lla^ bar into 
three etpial spaces by means of two disks of lirass siiiiiiaf in siz<' to the 
OTIC already described, 'riie cenlnil division is then to be v,oiij[|iJ ilh llu' 
coarse aiul the two outer or polar divisiims with the tine wl'; ', cornu «•(- 
in^ the two outer helices in such a manm*] that they may form one hn»g 
wire, Tlie batterx currmii is tiieii to In* ])assed ihrough llie coar'^e win*, 
and the. coniieelion ma( and inlerrvj^ted ns before by a rasp o)‘ other 
interrnpling a]»]>aratus. As thus convirnctcul, the insliuinent woiiltl 
jirodiiei' elb'cts similar to the common inyij^icfo-eh etric maehine when 
used* tor 'iluu'lcv !ir deeomjioMlion. I fit la' de.sinii to ]‘i!Mlnef sparks 
iiiul defiagralioiis, it would only be u^'ces^il^v lo.slule of? llu •oils ul 
till!} wire from tlie poh‘s, and to substituti'. in their sletoj others made of 
eoavsew'irc ot sliorter kmglli and then transmit ami intevru]U tin' mir- 
T( nt thvougli the e! nlval eoil as behni*. We shoiiM lh*‘n Inii" witl'iin a 
nuich smaller eomjci.'.'i, an instimneiit cuj‘al/le ol ]>roducing all the ef- 
fects of iho common machine of Mr. Saxton, ami hy !‘mnbiiiingii num- 
ber of such burs w'c might form in a cmiiparalively small compass a 
inagiie.to-electric balteiy of great eiiergy. Some of Dr. Cage's beaKli- 
ful interrupting up]Kiralu.s might doubtless be us!'d sm‘ces-;(ully with 
this instrument. .A.s I liave nooppM'tnnity to consinu-t the in.'^innm'nf 
myself, 1 would suggest the trial, es]>e( ially ol tie* hitler limn of.'^ppara- 
tiis, to any who may be interested in the subject. Miould it succeed, 
its advantngi; would be its .superior cheujuicss and power, (?) and tlie 
little space it would occupy. 

About the same time iKat the above, inslrument was devised, in lodik- 
iiig over tlie list of substances which are capilulo of forming a galvanic 
circle together, I was struck with tlie much higher elect ro-ncgaiivciicss 
of charcoal than of i^oppcr in relation to zinc ; ^‘bere being but six sub- 
stances between zinc and copper, while there are eleven between zinc 
and carbon, which, nioreovej, stands <*yen higher than gold, and next 
below plalina, besides ibis, its excellent conducting pow'or seemed 
particiilary to (pialify it. to actus an electrometer. Accordingly, i was 
led to cojisider that it migltt form an excellent battery with zinc or its 
amalgam, und nientioni'd ibc opinion to Professor Ren wick. I was 
liowevnr prevented from experimentally deinon.slraling its powers, nnfil 
in llie month of iMuveh I perceiv(*d in one of the foreign journals a 
short account of a carbon battery which liad been siVicessfiilly triccr*‘ln 
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I 

-1 imrno(li;iU:ly constructed a small batlcrv, of 

only six pairs of zinc and bilinninous coiil^ and arranged as a amrotme 
des* lasses, Tln^ zinc plates were an incli stjiiarc, conscc|ucuiJv ilien; 
were only six inches ol acting zinc surlace ; iheexciliirg li(jnid wa- di- 
Jiifod sulplmric acid. With tins baLlorv j'nre water easily and 
rajudh' flecompos'‘d, though Aoin not liavioL': jdafina cJecfroflts. and 
from I he want ot a v«»ltaineti*r, the gas <!,.»] ivrn. d \\;(s j:ot inonsiin-fl. 
'i’his exjM iinnnn was witnessed jjy Mr. Seha.dlev, assistant Prf)fcsstir of 
in the C'olleg**. To those, who ]a^^se^s balieiiiv of considvr- 
ahle ])Awer, 1 w'mdd stiggest tlic {•ni]>loyinenl of hoii'c form i.d’ carbon 
inr eb'cirodes in the ]>lace o! |iialina. 1 In^pe soon to he able to present 
a si'iies of experiineiits on the relative ad vantages ofcojtper and carbon, 
f'sjjeei.illy in the ease of the eon.stant battery. 

\ttr Jo;/-, Mai/ <), 1810. 


Klxclrkllif in Machinen/ ; by Az\!ti\n Smith, jun. 

Messrs. I'.clitors, — n.-ning fretpientiy Iteanl })er«pns ('Tn)doyeil 
in i\iy inanur::t't^^\^ at M.mlln>. N. V., speak of the de\e- 

lopnuMU of fleetrieity In^^auieniar jtarts olThc- nniehiuert ,*T was 
led I‘v ;nt arlieio iii tlie Anieric.in Journal I'ov (.Inly :) 1?' 0. ti> the 
e\aininati<m <^f tlm phenomena whieh furui.-lual nte with the fol- 
lowing laets ; wliieli you will plea>e to pufilisli if tiiey add e.nv- 
tlnng to the ligivt alrtanly existing upon thi- snbjeit. 

I’pon a|’^n*«>a<‘hing the inaehineiy refernal to. wh^ h was eon- 
neeted with tlie spinning appar.-itiis, and near the eentre of the 
m^milaetory., I oi)S(n \ ed§libres of cottUn of all lengths np to six 
inches, extendi ig out in tlilferent direetitnis from one end oi the 
spinning tV.ue.es, and waving as if alniut to leave their resting 
place tor a bam) tw’o and a h.alf itiches broad, whieh moved tlie 
m^clf.nery ^md connected it >Yith a drum ^si*vcn feet above; the 
latter I'cing* moved l>y another drum liftecTi feet distant, witli 
vvliicli it was eoimecled by a luwi/.ontal stra[), seven inches in 
l^'e^^^dth. Tile two drums were of taju.d iliameter, two feet :ind 
eiglit incites, but the ^dieel by wliicli the* spinning machinery was 
moved and a free ])ully liy its side were only eight inches ; and 
consequently made tw’o hundred and eighty-eight revoliilions in a 
inimite, while the fortner made seventy tw o. 

Beneath the horizontal strap, and four feet distant from it, the 
kair of the persons spinning \fas observed to be a fleeted in a similar 
manner wdth tlie cotton, all the finer and more flexible fibres stand- 
.hig directly upright. Upon placing small fibres of'cottiMi from one 
to two feet distant from this stra]>, they would ascend to it, ami 
ndluTing to its surface advance with it until within a short distance 
of the drum around w’hicli it passed, when tin v w ould fall off and 

'J^’cnd to the floor. Occasionally fihrt's would pass Ui aud fro 

• * • 
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lH‘t\V('(‘n ilk* b;iiul aiul tlu' Ikind plared iK‘ar it, aiui diico or lwic<‘ 
this latter pluMmnicivni toi?k jdace llirou^di a space of two or three 
(eel. 

I' poll s]ip])ini( the narrow hand tVoni liie wheel niovinir the 
machinery to 'the tree pulley by its side, the eleetneal attraetitni of 
both llie bands was observed to disappear, and tiiis notuilhsandiniJ' 
tfu'ir nVotions were the same as belbiv — in a ^nonuait, however, it 
was ai^ain manifested upon tlie spiniiin<( maehine beii^i;' set in 
motion by slipping the back upon tlie nnkor wheel, t his j.iUo'. 
ph(‘nomena led to an iiupiiry into the dillcrent cirenmstann’s (if the 
band in the two cases, when the idea was suggested th.at the win el 
and the free pnllt^y might he made of materi.-ds possessing diliereiit 
eondneting power, hut this a machinist of tin* m.umfaetorv in- 
formed me was not the ease, both lieing madi^ of iron apd covenal 
with leather. The frjctioii ( f llu! spinning maeliinery*, and oj‘ the 
motor wht el upon lt< axis, which were }n-('sem. jn oi'ie, but a)*- 
scut in tlie other ca^^e, was the nest dillerence suggested U^^ari oinit 
for the change, hut as iheav/s of all jiarts of the macfii.'cry were 
matfe of non and connected with iron frame-work, it w a> (vaieludcil 
that frietitm here would have no tendency to aeeinnid.itc ( leclricily 
Upon >vatchiiig the broad horizoiitaf baud at the uiomeht the -.iar- 
vow one was slip|)ed fiom the motor wheel (ipou tlie bar. pullev, 
the part oi it amnecting the upper part dnuns was (^b.^-erved 

to relax, whih* th.at cnuueetiiig their h^w er mu fac( s, i'hmu 
curved downwards by its weight.^ became prop(a*linnaii v tense. In 
tile first case, the upper part (d* the band w.as made teiisi bv (he 
great amount (d'iVietion in the niaohinerv w hieh it lied t«> ()\ crenno*. 
and <)l conr.'e, tile Iriclion of tlk* b.Mid upon tiu' ‘(Irnm-; was in- 
ciH'ased in life same ratio. Hut when \!u‘ Iree pnlly nnlv wa.s 
turned, the friction to be ovcrconu*, and cuii-efincntly tli.it of th(‘ 
bands, was mucli diminislieif ; and tin.-; in? r<‘a,ed amount of frn%- 
tion of tlie bands upon ihedrems in the lii -t Citse, i- (o he rer(MT(ai 
to as the exciting cause of the electi;icity. 

From tlii.s statement you will observe that there was no fri(ition 
of the bands upon each other as is meiiticmed in the artivte refturt^ 
to above, since the horizontal hands were jiarallel, and the vertical 
on(.‘s eight inches apart at their nearest apjnoximation. In anotlu'r 
■part of tile manulactory, /,iowcvcr, two portions of a band vveS^i 
observed which were crossing and rublung wpon each other, Imt 
their friction wuas attended with no observable electrical elfccts. 
At this time howi'Vcr the liand was ))as.sing ai'iMind a frt*e pnllt‘y ; 

1 w«is llkjrefon* led to iiupiire as to its (.‘lect.rie:d stat«' during llu' 
motion of its machinery, and asccitaijied tliat its attractive powiT 
for cotton, &c. at Such times was as great as in that of the bands' 
already spfiken of. 

Although these lads do not authorize us to dispute tliosc* in 

Mr. article, yet they naturally suggest the (piesticm whetluT 

tlie (dectricity in that ca.se was not excited by the frielion of th(‘ 
b.tnd upon the wheels ratlier than up(m (‘acii other,! and if so. 
Nvlielher tk- a])pavenl difference between the below tbn^' 



jiinfliori ;i!)(jvc was iK.'t ii) itvility t auM'd by tlit* apjjiicjtuai of 
th(' jar, in tla* (iin* cast? to a ti'ii.su, and in ihi’ otiKa* l«> a .relaxed 
portion ot the baiul. 

Not hein^‘ intimately aecjuainted witli the aetion of eleeti’ieal 
a]>|)aratns in diileient eireum^'taiua'S, I am uiiahie to .'^ay wlietina- 
inereased pj'es^nre of tie* v. !io!e liap of' tin* eoi.»moi> iuac.hine ojafii 
ti^e eylindcr would mater. ally inen a^e the amount uf eU etricaty 
devel(f|K‘d, but from tin' alxive lads, as well a> the liature of the 
ea>(‘. I siiould suppose it would, and if so, tlu* eireiimstanee pro- 
per! v att(*ni{ed to in t!iO eor.>f rm*tin)i (if (deetrieal maelunes. would 
render lhi*m, i\r!vri^ yanl^ns. miieh more ]H»w ( riuL 


« 


• . • ... • 
titiinau i'\i.s.s,L «:// vf.’./ /a /a' • 

A ^d iseoT'try ot‘ a.n nitere*-t?nir nature, wlneh. it i*' sait!, l»as 
reei*ntlv Ja‘en iu.:de in jad-^ium, ;it thi-' moment iinite- th ' iii-'pee- 
t vMi ol'the •'Ce ntilie and \l\i^ curious at a hoube in iee-ter- -j:u:vrc. 
It lisi'. bi'en liitl down by ( uvier. and vectavtd a- an in 

t'cohyv, tiiat tlu’^bones of (he iiderior .mimab ali>n(‘ v. ere t«> la* 
Ibuml in a rt)>-'li ."tale, ami tltat lho>e of man were invariably 
wMi^vifu: ; a tlmory wlu^se ten.dc*m-y milital»‘(l airain'^t the .M'w.iie 
aceount oi* t!u* cfeaiion. In tlu* -'eience oi ^i.’oli>^\ there is con^e“ 
(juently no f»robK'm who.w* .Ni/hiiion (dlerb ^ra^ater iiitt.*reNt than that 
which (lepetids <>n the t xisieiua* tu* ab>ence ot'tliv' human antedilu- 
vi #1 fossil. J’his ipu*>tioT) lia*' now, to all appt'ariuu e, In'en at 
re-Nt by tlu* di>covei*y litrly \)uid{^ (?) ot‘ tlie fossil remain.^ of r. ehihl, 
whieh were* found embeddi*il tin .dle\, in a chalk quarry at 
.Oieh<jcn, nc.ar Ih iis-Nel-.. • Wc und(‘r>tand tlu* proprit'tor of the 
fo«%il li.as rdpu*>ti‘d tile .attendance ot th(‘ \f;Tnpdsof Northamjiton, 
and .several mcmiu'r*^ of the <»'e()lt>i>acal soviet}, to inspt*ct and test 
it with the mo>l minute serutiny. file result e»f this inspection 
juiiJ^ be deeisixe ol it- claims to aiitcdiluviiin origin. Tlii^ apptMi*- 
aiice which it prcscnt> that of the head and trunk of an infant, 
coinpli*ti‘ly firmed. l»ut apparently mmh emupressed. Tlu iiead 
is perfect -the nape o^Tlie neek. the articul.itions of the vertebra*, 
the bones of the thro.it, the chest, shoulders, ami parts tU* tlu* arms 
C(pially so, and the ribs are distinctly yi-sible. The right arm is 
broken short otf by the slumluer ; the left, whieft is uimmtiiated. 
adheres to the side, and is sunk igto it. T’j^e lowe r extremities are 
iiidistinet, being thrown up into a circular mass below tfu* alHionien. ^ 
From a section of the lower part, wliich xvas accident.dly madt^ in 
its discovery, the formation of Hint, in wdiicli it was preserved, is^ 
at once apparent, and on its surtacc portions of the lionos are eleaviy 
traced. 



400 xMisccltaneous Jj^rlirlcs. 

All Aurora liorcalis nl' coiisiiiiiablM iiiaguiliKlt', and brilliancy, but 
jit.b*iulc(l witli 110 pcctiliiiriry, was seen licn lroiu seven till • 4 eve.u o’cl.'X'k 
on Moiulav ovciuiiti; the lOth instant. It cmisistLid jinucipally of a 
strong, steady light in the uorlherri heavens, with the usual black, foggy 
nucleus bidow ; and of many line streamers which were displayed at 
diflerent times during its appearaiiee. The colour of 1 *oi)i stn'iuner^ 
and steady light was of a misty whil‘-‘. 

W , S'ri:ii<;i:ox. 

Manch Osier, Ovlohcr. i 
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l.st. The elt'ctro-’inaguetic engine wilh Ihe ncining discjiiin.nrci-r 
be an oflcctive one ; and we ,ivould luk ise onr cornNj)(j;iv|j/il I'.ot 
Ioc^m' any time in making engiiirs on that principli'. 

2 nd. Magriefic-t'leoirical ma<*liiiie>,#!j,iving soft ii'-n niaj’iets .'m^leiid 
of pcrniaiK'iil ones, liave long iM'eii belore the ]»iibiii‘. tlur ciU'respon- 
deni may sn; several of th«;m at Watkins^aj'd ^ M>t:d>iiMiineul, •>. 
ChariTig Cross. 

r * 

Ord. W e do not "‘’e that Mr. Cviab Clark(' be.s •Mniiu o .iii\ par! n( 
ihi.; dcscriplioii of ids eleciro-niagie lii’ caniag'’. exc.'piing, p. rii.ip^c. 
.•‘■nme wheel, or W'heel .and piidon inside, lie ba-- 'jiV''ii lb* kmd and 
ra/e/// of Ids ,halt‘’rifs ; uinl has also ^taO'd liiai “(be camag-' i^ pro- 
j)eiled by an arraugeiuent ofmaebinerv oii lii'’ reciproeailng prim-ipl-' ; 
and tbi'^ ivcipvoeaiiiig jwiiiciplc wa^ pievimi'-Jy drseiibed in lb- Ainiah 
for Jnlv last. (S.n* vol. o, p. Il'C lig. plat'’ I.) If tli'’re !)■' .’iny wlft'* I 
and jiiuion in the .arrangeiue'iit, the pinion will be nu l!ie :i\lr o{ i)),. 
fly wheel, and the wheel in which >; work^ on one of ibe a\le> of the 
travelling wheels, ICmce tin* lly wheel will make nioro rcvoli!tious 
tlian the travelling wheel. «* ^ 

* <? 

The Dagnorreotype plates may be. viewa'd u advantag" by nu'ans of 
fiitlier u convex bms, or a spherical concave minor. If the plate be 
held b(‘forc tlie iidrrov, and tin* eye u lillle abo\>' the jdale, the eflect i.'j 
very beautiful. 
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f!^■f ,t' !'.> .-miii'-^ t-: . ullii'-nj}* -'ll- jUt lin . n *-ii.:v i is'i-’i'j >> ‘I.in.' '.-r th''F<i 

ii I r- I. •; ’...I* III* I f .•(' Vi *. •”.si I.-- !*■ |- i.--:tiit'i ii.-i.ji,- ; * ■ 1' 1 i.v." ’.••■fi i'.,b .1 dls- 

'm-'i.c 111 ,T I ..f {• '•-..r t'lf; ii-li- I- J n '‘is .:i!i : 5* 'll li ibclf in 


. ^ LElJI IIK I. 

ii) !ijt r.>{ jiu-iii t*' t h(* /»?' lf;i- ‘‘ .\n)i;;i> ol' 

E;<vtrir!t y, (’luMui>lry. tlb-y Mri* intc'ndi’il 

pr ncijviii V {<»»• {\\r i’l'-tnu’tion ->!* .Hiibj.-in* ».‘\]u*ri:i” iti< r.’^. it v’>]i in- 
nc(-.”-s irv ?<t . 1 " much a- p« l»h'. all W}(i> • plivi.-. a!)fl tcch- 

nij iiilM • hi^h lUfi oti^v pu/.'lc. h-i! •ih*if)li;U ;y t ihoM* 

uho ii ii ', 'n vhrif' s)V. n otiiuat !o;i. itincli pict. /'ioi*-; to a 

cnlrdn, i:r'.ralm'r, 

lii.'m tile j){‘*MM«s t'o} w Imi'C I ii'i ruction Icvlin nTo I'lloil ; 

(I to v/hom, tlicH'ioi' w illi TiWilom, .ind 

plainin-t {anyo.jp't tli.-t iho prc^iuit >tati‘ (‘T tiu Niilijocts 
;ip|n -ir to UK’ t<.» he c.ipaliU- <>i’ admittinc;. I 'lo noi, Iui'a cv i-r. wi>ji 
to tM)lrr iiUt) ally ( th;\l would iiuul my lalx'ui'n to the 

Innnbk* l.isk ol a more drt^sil of m itlioiil. hukmir tiiem tonttlier 

tlieori lie.d ^ti'in or '^y''tein.s t.>l‘ physical l.iws ; lioeaiise 
one ol u>y oojeets r'^ to trace totI>e >anu' t^peration.'^ of nature, tliose 
faets.and tlio^eo7d\ . u hieh are ea-^ilv, and not ollierw b-io, explaiuccl, 
i\v.a code ot I '.W'iMlueli ifoserns the display ot* one peculiar 
eliss of phenonu'M.i. ^Antl not to eiu innlltu* any llh'oretieal •vy.'teiii 
with lliose phi’Momenji to which they do not app(*:ir to heliinij-: Init 
to explain eaeli of p!u'nt>niena hy its own peeuli:ir code oi* 

laws; or if yon ple.-jse, hf its own peculiar thet>iy. Kenee it is 
that ( shall he expected to he explicit on eviM'v point on w Inch I 
t?oueh. hoth experimental aiu<» theoreliiMl, niul either tnulertakt' l«) 
c’xplain all thosiM'vperiinenl.d fact', which I may eonsith r jieee-'S.iry 
to hrin^ forward, or eandlilly ;iflsnow]edi,,V that they a.e inexpli- 
eahle upon the. theoretical j>rinelples wdiieh I advaiua'. , 

It w’il! lien* he neee.ssary to enter into eert (in lenditions with 
my readers, re.sptTtiiiiT Fome of tlu»e theorelu.f jiomt ’. w im fi (g 

y^iy philosopl^ers. even of the present dax , apfii ars hi* senu*^ 

'«vhat doubtVul : thoafl:h I heiiove tlie oj-miens o} ni.m\ othef<; m.* 
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favourable to tliose theoretical views by which I ])ro})()se to be 

rilled. 

1 wish to be understood then, befori! I ])roceed any fartlier, tli.it, 
besides those recognised portions of matter whicli a])])ear to be 
tlie principal part of the materials wJiich constitute the eartli and 
it^ atmosphere, such as the various hinds of solids and fluids which 
usually rj’ce?ive th(?se i^eneral appellations, there are, at least, i/tnr 
othor.s, whose reciprocal actions on each other, and whose yeeirfiar 
c»perations on tlie former classes of luxUe*, are ]>vo(luelive of tin: 
most surprisins*’, and, in our present state of physical knowledge, 
the most interesting ]>hcnomciia that nature has revealed to man. 
TJicse are the vUrtrlc maHvr : tnu^nvlic malirr ; — and the 

lY/hri/fc maltvr ; e.ieli of which I shall consider as r distinct ele- 
ment, possessing pucuiiarities of force and modes o,*' action, and 
exhibiting jihenomeiia which nu other kind of matter lias the power 
of disjilaying. d'hey, however, operate on one anofjief^ very 
rcmarlfable manner, by tlfeir ])ecuriar reciprocal exeilirtiSiis, and 
are thus productive of phenomena wliich liave led some pliiloso- 
phers to the belief of tlieir complete identity. 

The fineness and subtdty of the ekririr, the inu^nrtiv^ aiTd the 
calorific particle:., lead us to infer that ihey insinuate thiau.selves 
into ijie pores of all other kinds of terrfsmal m.’ilter ; and their in- 
activity, wiicri unmolested in these their natural Jiabitation.s, is ob- 
viously a eonseipK'iiee oj'the eipiilibrnmis of then* respc-elivi* forces, 
wlien in an undi'.turhtxl state. So jong, thercf‘ort‘, as these natural 
(‘(|uilibriu!iis rianain unmolesti'd, all ol‘ thcsi* in,:ttcrial agents* are 
perfectly inactive and exhlhit no phi'iionnaion wlialever. lienee it 
is, tiiat sonic exciting process hceonu's ab.soliitcly n(‘ce>s‘;irv lielbre 
any of their respective phenomena can be produceih The pro- 
ce.SwSes of excitation which may lie emiiloyed for bringing tiftse 
agencies into a state of activity arc exciedingly various, as 1 shall 
have occasion to show in many pa’’t.s ofthe.se leeture.s ; but for the 
pre.sent, it w'ill be .srdlicient tliat .1 descrita* one simple modtiionly, 
of exciting each individual agent, by means of wiiich,* certain pfto- 
nomeiia of each class may very easily be bi’ougbt to paSwS. 

If you take a stiek of sealing wax, and, w ith< ut ;Iny preparation, 
present it to any very liglit article, such as small feathers, bifs^of 
thin paper, placed eithca on a table, bobk, or a disli, ^c., you 
will not perceive any action wdiatever exercised by the Avax on these 
light bodies. In this case you may easjly iuKigine, that tliere is a 
complete electrical equilibrium in the body and on the surface of 
the sealing wax ; and also ui the ligl^ articles to w hich it was pre^- 
sented; and that it is in consequence of this i ijuilibriuiii that tlie 
electric matter is jierfectly inerti.^ and will not act upon the light 
bodies which you liad prepared. 1 wisli it to be iiiulerstuod, how- 
*cver, that, although the electric fori^es of the wax had not a sufficient 
degree of intensity to cause a ilisturliaiiee in the liglit bodies, it is 
still pos.sible, that there might not be an absolute uniformity hi the 
idifttribution of the electric matter, either on the wa.t or on the oUot 
* bodies. 
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Now WiU*m tl)e stick oi* scaliii^-wnx, taking; care not to lu at It t.m 
inucli ; and then rid) it on the sloevc^of your coat. 

By this simple process you have di.sturhed the previous electric 
equilibrium or the sealing-wax, aiul canned the electric fbrce.s to 
become siiiriciently active to produce motion in tlu‘ li^ht liodies to 
wJiich you now may present the stick, 'i'hey will rise up and cling 
to the wax, often changing tlicir positions on its Mirface, and some*- 
tiniv.s they will he suddenly thrown off again to a neighbouring 
body, to which tlu?y wnll attach tliem-elves for a s.horT time, and 
again jump back again to the sealing-wax ; again leave it, and 
again return ; and so on lor several times befoia* tlie action ceases. 
These motions of liie ligl.t bodies ;m* eu‘Ctri(‘ jjluoiomena ; and ni«av 
be repeat/.;d iuany times b}" renewing tl:e activity of the electric 
forces, by Cig.iui r.ibbieg tiie dry .Cid warea i-, .':frj?vr-WtiX on the 
sl(.*eve of y(ju;* co.il. 

If you {.gelt;!' a jiu*'"* of tiry we*/*he:7 n* ‘ oi' your 

coat, you ni/fy vui> tlu* with i: wiJi th: ‘ c-Fccc. Or 

you .may usi* };icec of dry and wavui ir-uee] to l ub youv wax 
against ; *»r llie fur sid.e of a har(‘->kin, or ;i r..,;e.)M-''k!!j, w ifich i: , 
jierhaj/;^, bolv^^r tii.ni anv' t!:e pia-viousiy naated jce>. ]br. 

wdiaU'ver 7 <»u may clioo.-t*' to rub tia. serluig-vvax will;, hi me ad- 
vise you \yy ‘ il a** ;/*.•; becaus..’ usuch c.f yo.:i •uc 

in th(* e\])<‘riueMU will d'.*. -*nd t :» tho^e c..e.ii;l.’o::s t f la t •..* /c';- 
.v/zA.s/e vea ;uid tiu* sc aheg-w ax 

It will now Ih* proper to iio’j.au \tin tiia*. tia* 'lioiioie. wliicii t’u‘ 
lights bodies nia.ki’ /.';//'</ r./.v lira ;.ealiog-wa\ ar** ea.i'idered to be ihe 
effect of’ an t*leetr!eai e//r.o7/o;.\ ex*‘:'lcil iratw-a :i aad the wax ; 

and their nujtious /'nne tlie vr::\ are e^'iisldorad to j^eduf^ to anelec- 
trical attraction exerted bctv.x aii them and the body to v>!;ic‘h lliey 
fly, ’'and for a wliiU* attach t!uv!i:;cives. be^jde> u:e farce of elec- 
trical alfraciiot/, there is alst» a force of eleetrleal /v /'-v/.sm.'.’, to wliich 
I sliall solicit your attention m»»rc,.p:niicijh!rlv i.i tliia eo.u>c a> wc 
proccti^l. * 

• 'Ricrc arc 'many other bodies wliicii <’xhibit'*this eia.S ' of’ elect l ical 
phenomena, by treating tliem In the maue.er I lia.ve described for 
sealing-wax. S/ieli is tlie ease witli amber, sulpliur. ^c. If yon 
iisJ if glass tujje for the exhibition of these I'leetrical jdienomena, it 
wdll also requ?ye to be \<^arn\ and dry, not only on the outer sur- 
face, but on the inner surface also ; and the nil)l)ing substana* 
ought to be soft silk. ♦A pieve of old black .silk answers as Vv ell as 
anything, 'fhe rubbing process, in all these cases, whatevir may 
^ be the nature of the articles caiyiloyed, is, calk'd r rcliaiion 

*When your .sealing wax, or glass tube is well <l^citc'd. and heJ<] 
at a short distincc above the hghl^Jiiodics, tly.* latter ma}' be made 
to produce rapid motions to and fro, and dance on tlie talile as if 
animated, by the active electric forces to which thin are exposed. 
If you place your light bodies on a pewter or ;i >ilver pkatc, or on^ 
any metallic flat surface, their dancing motions will be move lively* 
tlflmwhen placcikon any other kind of material: and it touch 
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the metallic plate with une of your finders, tlie activity of the mo- 
tions will be coiisickM-iibly iniprovtul. 

I will now solicit your attention to a .siiujjle mode of producing 
rriagNriic pheiiomcna, which I coiisitlcr to emanate from the ener- 
gies of an agent perfectly distinct IV<)ni the electric. You n.ust 
allow *ine to suppose that you are already acquainted with an iii'^ti n- 
ment called the magnetitmieedle ; it is sonu‘times ealh’d the compass 
neeille ; and wlien supported on a finely pointed j)ivot, so as^/o 
rest on a hoii/ont.il ])lan(‘, one <d‘ its ends, in these lalitndc'^f ])()int< 
towards the nort.h, inclining a little towards west of* thatpriii t; 
and its other e\treinily, eonsequently, ^joints a little to tl»e east <1 
tile true south. In many other parts on the earth's surface, tlu' 
direction in which the magnetic needle places itself Ajlicn at rest, 
relatively to the geograpliical meridian, is very difle!;ent to thr.t in 
whieh it reposes in tliis country. J>ut in every ])art rri’tlic world'il 
is subject to certain influeiices which are i’apahh* ot con.i^iUiiTCat m;.» 
to it peeuliar motions, and* placing ^tedi.-isliy in t^li^^r pe^^ilitais 
than those which it assuine-s xsiien m* such local influenees are 
present. 

if, after the magnetic ne(‘d]e J.as con^e to re^'t, yoc i turn 

it on its pivot with your fing(fr, so as to noinl to sonu‘ (jtl }4 r (jir'rtcr 
of thj» world, and tiieii take your fingici/away from it, the n«H<]]e 
woultf eonnor'iicc a series ut’ )nov(*fner.r> \\liici» wmild U imina.le l»y 
it:, settling again in its i\>rmer p'o. ition ; nIuiw im? \>\ (lie opf ra 
tif)n of some hidden force or ag<'ncy, the medh' !iad*a crer.tn- ten- 
dcju’y to rep(;s(‘ in i)n(' <Iircct!on than another : v hieli, in h'.nghihd, 
and in niany oilier lountries, is more ]U‘,:r to the •meridian *h;:n to 
a line placcfl ea^l and we.'nt ; r»r to a e:rel(‘ (d’ latiimle fit tl;at piaec. 
Willi ri‘^])ect to the cause <»!' liiis pecidiar tc nde ney ot‘ tlie niatl’e 
to place itself in a north and soutSi dir(‘cfl<»n, S can only say, in^lic, 
place, that it is so eompletely under the control ni' the magnetic 
forces (»f tlu* eartii, that liu*y ;jione .are su))poseil to (.ajnstrain 
it to assume tliat particular direction*; hut why l.h(? fv^ilh is 
magnetic, and wliy inagiaUic lbrci‘s s!:ouivl he so^S^lnated a# to 
operate on tlie needle in tiiat peculiar manner, ar<j matters \vhu*h 
philosophers Irive not yet determined. i here arcjduiwever ci ilain 
laws (;f magnetic action^u hicli are we ll known, and whicli l•\vdl 
e.xplain in a future lc*etur(», my object at«pr(;seiit^ hein/c that of 
sliowing the simplest, and most easily pnxiueed specimens <»f the 
three grand classi*- of ])Ju*no;nena' whieli ar^* so emineiilly conspi- 
uouii in nature, and so easily distinguished from each ntlicr. 

Perhaps the simplest process for bringing tlu? calorific matter 
from a state of iiTactlve repose to a state of such activity as to pro- 
duce ignition ajui /irc,^would iie^Iiat of striking flint against har- 
dened steel, and thus igniting iletaclietl particles of the metal; 
•which in their turn, would ignite gunpow’diu*, tinder, vS:c. In tins 
ease the calorific matter, which, previcuis to the collision of* the 
‘flint and steel, wa.s perfectly inactive, has, by the operation, be- 
• come sudtlcnly eomprcs.scd into a smaller compa.s!«than tJiat wTthil? 
• it prevjo'idy , occupied, and bcconics active fire in the coiulenscft 
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Balance Sheet ; or the present state of the Controversi/. 


WR. STURGEON, 

ll.T'i f.li*'wn tJiat t)ic f xiimrn«*7ifs muiU* I 
ln'lorr tin- Navy :it riyuH'Utli, wvifl 

htt onrlusn’e \ an*} tliat lii*- i*‘sulls Wore igA y 
<lu«‘ t«> any siijn-rim its <•! Mr. Harris’s li^rhl- j 


MR. HARRIS. 


Ha^ not tit ji 'ted ihp incondusivciv."Ss ol 
Ills mi£i>1i' la-fore life Navy 

iioiini, ut I'hm.iuth, imr Ut slu^w 

any ollo r ‘ X]!* riincuts lhai aj«; nn»rrJ’avoui-] 
ahli- t<i Ills sYsU-in of C'juductriSi liittii to 


Has .shewn iliiit. tlieiv arc ihici distinct 
kiiiili nt' f.ih rul illsi'hof f/' , ami has ih si-rj. 
hi <l Iht. kiml cind iUi iiicdiUiiioaielli cts. 

-1‘. I7i. 


Has ihAtrertlj acknowh-iltT.l the firs>t 
kin-l of laUrni disriiarifr, and also its 
nn-elntiiii-al .tcd-iu — P. .’117. 

Has dcscribiMl ibu ticcoml kuid of l^fUral 
I'flgc 17 i. He now reters the 
rejiilt-r to the ^Vihena nisi for Sept. .'loth. 

P.n-e fi;, Mr. Addams Mated that 
“ he, liad .i)..'e Sis-i! upon the di^Hiarg* (if a 
larei* cleel^iii ;d li.-ittery, a wire sclemlidly 
jllniuin lit lie- diM-hnrgc, ^nd 

••\lnh:!iti;; tT^ conn scat io;i:. spoken of hy 
Piol'es-ov lli nry, ’ 


H4*ni< s this kinii of Intend discharge in 
l?u pTc-ent iimcus--;on, page of this v<il. 

hu*,, told flic nnilM'i A.?si>.'iaii(n», at Liwr- 
]»ofd, that “ 111- had piTuluccd b<‘iintifiil 
ilhnninaling < *}; cts hy ili.si u..*rgiugelec.!ijiily 
;d-ini.» a win- Ciiclodl d m an cvliaustcd ghi^s 
rCfstx'cr.” — .Viluiiu-UMi lor Sc]il. ftUth, isJ7. 

• 

H as ilesci jhed the Ihini koid ot l.'l'rttl 
diseb,^^', a.'^.l siu'wn t’ne cause «if its pr<ts 
dnciioii. — 1*. IM. 


-\i ktiowlcdvres tins kind of lateral dis- 
charac ; but gives a dincrmi cxphnnition oi 
the cause. 

Has contcuiplat d the clcctrica^conitiMMi 

• if a lighliiiu v('d, doling tf\-r 

earvf/tth/ tt lit x{'.',tiyt{i , and Iheejli ets l oiiS' - 

ipn'Mi upon (liat ejci i#’o%coiiiUUoii. --P. 171, 

and \W 4H‘. of llii.s v-.l, J 

L ; 

Huh cofi’cnqdaled il-e iliatrical condition 

of a ligiimin;- ro-l. j.nttv In th>.- ijjs'-hargc 
taking pluci.', and ci.U'^eiinentJy wh*-n no 
liehlning H»is pres, m. i -t any oonduclm 
,i.»ees.«,a) J . — i*. dp’-, ,;i7, 4 In, of Tliis vol. 

Has •h'senhed, iijtd slu'wn t!jc tU’cclsof, \ / 

t<,jris, — 1'. 171. 18(» Jsl, |s:2, «•; | i 
!hft vd. 1 \ 

Ha.«i r.i.t tAk«r:i inu* cio»s deration th Ctrl' 
lal trar.-'.\ 

Has (l< ‘..■ilhe-J the l^•cl^o-Jo.•ll;la•ti^• pht*- . 

• jiiincna cons(»pient up in a tiash of lipht 

mug travt i><ing the niahi-inasi coinhu tor of 

H.bl,!?. llcagle ; and has slawn that, us' 

im magnenc. ctVei Is were pvu'loced j^hc pro- 

IWnlity i.s, that the pninilive tiash of light- 

ning Uid not sliihi* tJic vesstd ; tlic obst-rvi.-d 
idlr’cts being due to an clcetrie wu^c.— P.l/t*. 

Has taken into consideration the ynba-i 

hit- cIlVcI.s of tthitqut' Hashes of lightning on 

tlie rlf^ging of ships, 

A - _ - ' 

1 

J 

_ 

In.s!--fs on th»' Bcjiglri ^‘^ing struck ; but 
for waul of line aiti mi »n to tlie influence of 

electric wa\».H ; and ihc eha-rro magiit lie 

, iutlucucc of upvumlixc dvs.-haige of light 

1 mug, he has not taken their cH'ccts tulo 

1 consi-.U ?*ulicu. 

Has not uniiced the probid-Ie » iTeets o* 

oldiqiu* ihishcs of lightning on the riggiipjr. 

Hus disposed his sy.iitcm of conductors so 
,»s to prexent, as far ns poss;Mc,Uu' cHect.s of 
oblique Hashes, in fSe riegiiig. 

1 

1 Has di.spnft'd his system of COliductxrs s,) 
«s to afloid nn {‘rotri fivn w hales cr to the 

1 c.i ti rtor rigging, !igaiu''t oldi«pu' tlaNluai- 

^ flas disposed his syst4'm of coinluctoi's 
as Ui distrilaitc lighluiug into branch 

condurlors, Hinl scalbT its cHccts into com 
par.atively h.arnilc.ss sfn'ams, almost th« 
moment it arrivc.s ut the rigging. 

; 

[ Hus dtsposetl his .sysh’m of camductor® no 
as u> give no to each otiicr abovi- 

deck, 

1 


Has disposnl his couilurt<)!*s so as to ^ J Has 
vent Ujc li^htniiirt inU’rinjj; Uio ship, by r ■jastolvi 
carrying it ovorboanl on bi»th suK’s. ^ ) I v<‘vs4{l. 


ibsp.iM'ii lus sys?<^in of condtu tors So 
lead the lightning into the hoiiy of ihc 


TraH7U>«p<»sed liis system of bniiuh n.»n- 
Iductors, so ns to rountenict each odirr s 


the vessel; whelhtY those iustnuuenta be 
[placnal above or below deck. 


Has disposed his sysr- in of c#->ndii«'n*rs .sol 


InmgTietir etleets on sUHiring eoin]»a.sse.s, 1 iss to gi\effiv«t fueilii j to in!»:,’n*‘tir action on 
chronometers, &c'. placed near to the axis of j 1e«'jnpassis, ehronono ters, iNc. plucca cithcrj 


1 ou deck or below. 


Tho diflTcrence of the expense, time re«iuiMtc for the i-*juipmcnt of a cO gnu frigate ^ 
vritli the two sysU’ins of rouductors, may be seen at page \90ot' this vedume. 

* VoL. IV.-r-M). 21, April, 18 JO. 'o o 




LXXll I. — I'olfair reaction^ or the phenomenon usually termed 
Polarization, By Mr. W. ll. (juuVK. 

On Friday the 13th instant, Mr. W, ll. Cirovo, de- 

livered in the Theatre of the Royal Institution, of (ireat Britain 
a very interesting discourse on Voltaic n^acticui, or tin* 
|)henbiii(‘non, usually toniied Polarization,” and at tln'roucly^ 
sion, exliibited the eflocts produced by his new‘ and 
surprising voltaic coniViination. 

Wc feel it iiiipossibh' to condense tlie suhject as treat(*d 
by Mr. Grove, it sliould be given verbatim tliroiigli (‘ach st(*p 
of his inductions, and well desen es full puldicali^m we !ire 
happy howevrr to ])e able to furnisli soni(‘ jJartittylai’S as to 
the astonishing performances of tlu' batteries ernjddyed, wliicfi 
ilie audhuice were informed wcu’c jjrejKired for tlie occ’J'sioii by 
Messrs. Watkins and Hill, of Charing (Voss. ^ 

Mr. Grove had his batteri(‘s arranged in two forms, ouc 
<levelopcd tlu> condition of ‘^hitensity,” while ilie other 
exhibited ‘‘ quantity,” and from the (‘Ifects obstTved, it was 
manifest that in both cases a most jud/cious aiTangmnent had 
been adoy)ted. — The ‘^([uantity” battery consist'd of 40 pairs 
of 4 inch square platinum plates, with double anmlgainated zinc 
plates with porous cells and porcelain troughs arrairgi'd in st‘ries 
of eight, 5 ))airs of ])lates. — Nitric acid being in contact with 
th(i platinum, and a diluted acid solution of •suljilmric a< id 
and water Ik contact with the amalgamat(*d zinc.-^'J'he pla- 
tinum and amalgamated zinc ])laU^s were, unhanged in their 
proper cells, and supplied with acid sometime ])revious tf) tfle 
lecture, and it was noticed that no action was visible, indeed 
all a])parently was in pi^rfcct repjose for thrtM^ hours, until tlje 
moment of eomplcting the eireuit, hyjfoining the pqsitivi^and 
negativ(' ends of tlie battery by a comlucting siibstdnce. Tlie 
w'ondorful energy of the arrangement then d(U'c4oy)ed itself. In 
the first instance? with the <|iiantitv,” aiTangcmeiit of eigljy 
5 pairs, each 4 inches depiare, when tin? circuit was completed 
thrf)iigh a large? veiltumetcr pr(?pare?el for the oecasieiii, one 
hundred and ten cubic inches jier minuj^e of the gases was 
t‘volveel by the de'coinposition of water. 

We he?Ueve; this is the first instance wherein so large a 
c|uantity of gas ’ las been * producertl by voltaic action in the* 
short ])criod e>f a inimite. 

'Fhe heating efii?cts f)f this quantity batteny were far above 
ifhat obtained by any jirevioiis voltaic combinatieni, for it 
fused a thick iron wire inch diameter, and 10 inches 
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aiifl a slii) t>t jilaliinuii ioil I*J iucli ami I'iuch 

in l>rca<Uh, was renderrd wliiu^ lint. 

/Mr. (irnvt* tlu n ivllTnal to his ‘"intensity’’ battery uhieli 
only coven*d a s(|uare suii‘ae(‘ of lb incln^s on ea(;h side. 1 lu* 
cadis wen^ i irudies ln«j[li and consisted oi‘ 50 yiairs of ydatiinnn 
])lat(‘s *2 inch b inch, with double ainalj^ainated zincs. With 
this (a>ni))ara(i\idy small intcaisitv-batterv an arc of ilainc, 
^)i‘t\veen charcoal ixnnts, ^Yas obs(*n'(*d l;|: iiudi haig'^Vnsed 
hfi’t^c^aiid tide lx iron wire. Mr. Faraday haxinj.;; h‘nt liis pnc l^c't 
knili' to the lectnriT, tlu' larg»‘ blade was iijstaJilly dellagrated, 
c^xhibiiing a s])h*ndid slunvcr n( scintillations of steed. Laigt^ 
massi's of zinc*, co])])cn*, softiron, ixc. wiohmIkii submitted tn 
tin* action y>f (he battery, and a most sjdc ndid s(Mies nf c<mi- 
hnslions w^iVc* the conse(|Uence, tlu' coloi\r of the light being 
ijepeudent ^i]jon llie imaal 4‘m{)h»y(al. 

Mr. feI}().V(‘ adviTted to tin* letter of Froii'ssor Jacobi, of 
St. l\ l(T>Hiurgh, to Mr. Faraday, phblislu'd five months after 
liis, Mr. (irovc^'s first |)a)>cr on the battery, .in which it was 
slatecl SOUK' (‘Xtraordinary ellects of decomposition and mag' 
m‘ti<^ action had hiaai obtained by a battery, of wdiicli tlio 
Profess(*)r did not give >(.lu* jiarticidars. 

]Mr. Jacobi however' has since* this, without hesifation, 
acknowledged • Mr, Patterson, who witnessed his e\]>eri- 
inents last QctobiT, that the voltaic comlnnation, he (‘in] loved, 
was that of Mr. (irovc* as originally puhlislu'd in tin' ComjUe 
Rendu of the* French A<*ademy. 

W c cannot cojicludc this hasty skt‘tch of thv evening's 
exhibition, without expressing our eonvieiion that Mr. drove 
hjs rendered a great b?>on to scienee, by tlie pubbcaiion of 
his researches on voltaic combinations, and we trust he will 
contimu*. Ins labours in iliis fevtile dc*partment of experimental 
.scietioe. * 


I^XIV'. — Review ffjid Xot ices of New Books. — An Outline 
of the Sciences of Heat and Electricity. Ity Tno^i vs 
Thomson, M. Regius Professor of Chemistry in the 
University of Glasgow^ iS c* Fk Hailliere, iPh 

Kegeiit-street, London. .L B. liailliere, l:i, Jlue de 1/ Kcole 
de Medicine, Paris : T. O, M'eigid, Leipsig. 

Idle work >l?efore *ns eontail^ the besi treati.se on heat that 
we lunc' yet scu'h, and is another s])eeimen of tliat cMuinonce* 
of talent and exciuisite discrimination by wliich its autrtor has^ 
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for a sor'u's ol yoars, distiiiguisiiod liyliiinsolf in tlie li<‘Kls 
of science, Tho plunioinoiia of heat, at all times, dis})lay a 
line liehl for* the contem])lation of the ))liilosv)]>h(‘r ; ami wlieii 
arranged in that judicious maniua*, tr<*aU'd in tliat e asy juid 
lucid style, and discussed with that freedom and candour in 
which ^ they a]>pear in this work, th(\v heconu* familiar ami 
interesting in every dcipartnnait of (‘Xi)eriint*ntal science, and 
easilymppliciible to manv of the common alliiirs of <lomcstic 

lid;/ ‘ 

The work is ])nnled on graxl ))a])er, and with a hold ch.'ar 
type; Jiiid conlains many illustrjitive wood engravings and a 
co])tau* ])late. It is got U]) in a neat style, ami ought to find 
a l»lace in (wery scienti/ic library, h{)lli ])uhlic ami pri\ at(‘. : 
and we slroiigly rcvcommend it to the ))erusal of fjjiiiftt's who 
wish to ohtiiiii information iti these subjects on wliicfi it treats# 


liXXW — M iscKLLANfiot s.-' Description of an lulcch'ic*yl 
Machine^ rnada by j^Icssrs. Wafhins^dnd lit If 5, ^'harimj 
Crafts^ London^ expressly Jot* She Royal Victor in 
(Jallery for the Rucuuragement of PnirAical iScimee^ 
Manchester, 

Figuvi! o, plc.te XI, is a perspeeti\ e view ()f th.is splendid 
instrument, ^ff f f is a stoat n c*ljingul;ir mahogany franii', 
sii])port(‘<l by four ].'iliars at its angles, as si en in lh(‘ f gnn*. 
IVoiii o;jch of tlje tw<j long jjaralhd sides of tliis frame, rise |\^o 
mahogany ])illars, sup])orting a cross ]>ieee, which form a rcriical 
rectangular iraiiie on ( acli side ^ol‘ the hori/ontal on*\ 'The. 
front vertical I'raim* is re]m»s<*nt(al at fS c, c, c \ and tla^^rear 
one, wiiich is j)ri]K if)ally liid from \iew, sliows #1ne of Us 
})illars at c, <m tlu* right liand sitle of the picture; its otlu'V 
jiillarand cross piee(^ are re) ’n'S(*ut<‘d l)y <lotti'<l hmVs. .lM*om <‘aeh 
cud of the liovizontal liame /* /J rises a stout glass pinjfl* 
// </ and if ij : snrniomited willi a brass ball h and h, Th<\se 
glass {ullars, and anotlier shorter om* at Ib snj>port the' curved 
brass conductor o^o: and also four nrt)bc*rs, two on each 
pillar, with lh(‘ir silken jRaps s a-, and .v, .v. The glass plate, 
rejvvesented by <he larger* oval, is#iimr feet in diameter : ami 
revolvers n^markably true, on a^tont brass axle, sn[)])orted in 
the middle f>f tiie cross ])i(‘ccs a/ tlje vc'rlfcal fraraes c, c, c, 
•and c, Ike, Tla^ vertical brass rod /’, screw s into the ball A, and is 
intendt<i to k<*(^p the ii])])er silken llaj) from lieing displaced, 
bv eonnecting them with silkcai coni in the manner shewm hy 
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the zig-7x\f^ liiiCs. The hMxT silkeji flaj) is kejit in i«s j)lace 
by attaching it, in a similar inanma', to its vicinal glass pillar 
Tin? ]»rinic cfnKlnctor r*, c, c, c, is a sphnidid a])]>(*udage 
to tlie liiachinc. It is ot Imiss, beaulii'ully ];(;lis]ic(l and 
huajinaaMl, and lurnislnal with a stout solid glass stem //, //, 
which, by means ot‘ a ])rass (lov(‘tail is aUa(di(>d to tlic cross 
piece ol* the front vtnlical rectagular iranie c, c, c, c. 'Hic 
^collecting j>oints procited from two straiglit brass tiilitSi l(*r- 
iltiijj^ed with ebony balls as secai in tbe llgnrc. 'J’lie massive- 
ness of the frame work, the* unnsnaJ si/e. and i'leganee of the 
prime coiidiietor, and the excelhauT of workmanshi)) dis])lay(’d 
in the wliohg gi\e to this niaeliim^ a degn^e of rnagniheenctg 
perliaps m‘V('r before ecjualhal in any ])iet‘(; of ('lectrical 
a])]>arariKsX Its }n>w<»r eorn‘sponds witli^ its magnitude and 
t])pearaiie^, and, if possible, sur])asses my aiuicipalions at 
tlui’tiiiK* I gave directions for its structure. . 1. ba\e alread\ 
]»asse.d Tmougli a smies of twelve lifetiin'S ou eleetricit}' since 
the arriwd of the maehim^ at tliis institution, and its per- 
ibriuaiua! has giv«mbolhonr l>ireetors aiid myself the greatest 
satii^action. 

VVlIddAM STl TlGflON. 

• Koval Victoria Gallorv, for tijt; EncourHgcniciit of f 

i’raclicjil, Soicnco, i\lau(‘]ic.slLT. 


.mf;i’U()U si:i;\ at sandwh ii. khm. 


Letter to the Editor on u Sbujnlar Metenr seen at Sand 
n:ich^ Kent. 

• SiK, 

About midnight on the (>th inst, a im^st e\lra(>rdinar\ 
M eteor was sf en by many jxn'sons in tliest' parts, but 1 luul 
•nH tlu' g(»od fortune to be one of observers. Persons 
with whom I liave t‘onverscd say, it vras as large as the moon 
at full, the light intensely brilliant, cvcti more so than the 
briglitest day light •andihat our gas lamps for a few secomb 
were rednetHl to insigniheant specks of light. It ]>as.si‘d to 
the N. W. i hope von wiil gel sinne better account ot this 
idienonunon. 

w • ^ w. II. avki;kes. 


Sandu'ieh, Feb. ISth, liH-SO 
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Note on Voltaic Batteries. 

In my “ V.xprrimfntal Hrscarrhrx in (Jnlrttnish., ^u ." published in 1 Imvo sta(f «l 

th-it, ir auiy in'‘thi>ilri*oul«I be devisi'il for keepiiijr llie transfer of the iniTCury to the eop]»er, 
iiinaljjHini/isl /ine mi^tht l»e very iidvunta^'eously eni[>loyed in the «truclur«' of vollnie batteries. 
Dannie tlie coarse of experiments \rhii;ii 1 wais then iMirsuiiii:', 1 iliseovered tliat, siIllioaf|:h the 
clcctriciil yowers of copper, and some other nu^tals, became deteriorated by si jmrtial coatinij of 
m‘Tcnry,'iron, on the contrary, haul its elcctrieail powers improved ))y s'.u-h :< eoatm^ of iii«*r- 
eury, and formed witlx umAlf'ain.ited zim:, a luoiv powerful biitlery tlian copper with zinc. 

a yciir a;^o, I formeil a battery of twelve iron ^as tubes, eni h Iwi lve inches hi^h ; ^ 
andstrip.s of amilt'iimated zitic, which ]X‘rfomicd remarkably well. I atn now making-# 
\ery extensive battery of similar materials for Uiis Institution, which [ shall dcscriln*’n the 
next number of the Annals. 

About a moulli a.iro, Mr. .T. P. doiile purchased one of firove’s butteries of Watkins nnd 
Hill, ami has been led to try sheet iron instead of the plutinum, Tha*, gentleman iiifimns me 
Unit the iron performs very well. 

WILLIAM STrJtGElJX. 

Itoual T ivtorin GaW'r^ of PracticaJ Sticncf, • 

Manchester^ March U)th, 1M40. 
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atate it is madi^ to assume by tlio blow that is ^iven lo it by the 
fljht and tlie steel. The blacksmith makes a ir?nl red diot; by 
^•iviri;[r a fbw smart blows with ajiammer ; and the Indian obunns 
fire by rubbin;;^ two, blocks bf wood against each other. I hese, 
and many other nuehanieal ])roce'<.ses, are productive of fir(% by 
calling into actitm the calorilic matu^r wliich, previoiislj?^, *was so 
^J)erfectly inert, as to bi‘ incapable of igniting the mo>t inilan^nable 
&%*itU‘r. In some cliemical comp()uiuls this latent calorific matter 
ps sot susceptible of activity by mechanical operations, that it re- 
I tpiires extreme caution i{» ])revent their ignition, even during the 
,| necessarv processes ol‘ ])repariiig them, and transferring them from 
one vcs'^el to another. 

ffi c^mrs(‘ oi‘ these h‘ctures I shall have occasion lo show 

lliat an aTT^r portion ol' the electric matter, l.ias the power of dis- 
isnrbing an inactive portion, ‘and thus causing it lo become active 

also*. Active portions of the elc(‘tric matter will also disturb otiicr 
active })ot^.ions of it, ami become piodu(‘tive ot very infere'^tiiig 
pluMiomioia. Active maguctie matter is aUo productive' ot* its own 
class of p!ii*nonH-iiji, by the op(*ration of it*-* peculiar forc4 > oti othe)* 
p^yrtiaii.^ of matter ot* its c)wn kinil: -iieh, also, is the c.i'^c with tiu* cal- 
orific iratt<T : for <»ne |)ortion will disturb amalier };()rlie;n. ;ju! 
^thus become the cxcltin^^ cau-c t*or tlie (lisj)la\ of other (.viloiiflc 
])benomen.i. Moia'ovi'r, tlu'se di tinel r)i* matler I'. '.ve tile 

])o\ver of r( ei j)roe:illy operating on oUv* anollier. in sneh .i manner 
as to bi;c(jme the existing agents for lhi‘ tiispi.iv oT otluu’s 

[)IV‘nomen‘a. lienee* it i-^ th.'.t v.e einploy the terms e/f t 

— ’.-.70 ih'iic-t!' i'it'icUif, — iitThij e/,7e/7(*//.'/, \e., the .uljeetive 
in caeh e\f»n‘'.‘.ion i“ipl\’lng the exciting agent, and tIu' noun the 
cliar'vrtea* <>f flv* pIic*!io!m*n.i pnxbu'cd. I shall al'^o liave to employ 
t.h\* terms luilntah'-r.h'cl rlcitif and roUoik'-cii ctncii:f , all oi’ whicii 
terms I sliall ‘'ndeavour U> t'xplain in tiieir pia>pev ]d:'ees iir \ 
proceed, 

Jr 







